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I.— THE  REGISTERING  BALLOON  ASCENTS  IN  ENGLAND  OF 
JULY  22-27,  1907,  PRELIMINARY  ACCOUNT. 

By  W.  H.  dines,  F.R.S. 

The  International  Aeronautical  Commission  has  for  many  years  past 
set  apart  the  first  Thursday  in  each  month  for  the  ascent  of  kites  and 
balloons  j  but  at  the  Conference  held  at  Milan  last  year,  it  was  decided 
to  make  a  special  effort  to  obtain  information  on  a  series  of  consecutive 
days,  and  the  last  week  in  July  was  finally  decided  upon  for  the  purpose. 

It  is  not  worth  while  to  attempt  a  full  discussion  of  the  results  before 
the  Continental  figures  are  published,  but  since  twenty-five  balloons  were 
sent  up  in  England  and  Scotland  during  the  week,  and  fourteen  of  these 
have  been  found,  it  may  be  of  interest  to  give  a  brief  statement  about 
the  method  adopted  and  the  results  obtained. 

The  Meteorological  OfQce,  the  Joint  Kite  Committee,  the  Manchester 
University,  and  Mr.  Cave  participated  in  the  work.  The  Meteorological 
Office  were  responsible  for  nine  balloons,  namely  five  from  Crinan  on  the 
west  coast  of  Scotland,  and  four  from  their  station  at  Pyrton  Hill,  Oxon. 
Mr.  Petavel,  aided  by  a  grant  from  the  Kite  Committee,  dispatched  six 
balloons  from  Manchester ;  Capt.  Ley,  acting  for  the  Committee,  three 
from  Sellack,  near  Ross,  Herefordshire ;  and  Mr.  Cave  six  from  Ditcham 
Park,  Petersfield.  Up  to  the  present  time,  of  these,  three  from  Crinan, 
four  from  Manchester,  one  from  Ross,  two  from  Pyrton  Hill,  and  four 
from  Ditcham  Park,  have  been  found. 

With  one  exception  the  instruments  used  were  all  made  at  Pyrton 
Hill,  but  since  there  was  very  little  previous  experience  of  this  sort  of 
work  in  England  it.  was  left  to  each  observer  to  choose  his  own  kind  and 
size  of  balloon ;  and  very  largely  to  dispatch  it  at  the  time  and  in  the 
manner  that  he  deemed  best 
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The  instruments  that  were  used  are  described  in  Symons^s  Meteorological 
Magazine  for  July  1906.  Briefly  it  may  be  said  that  they  leave  a  record 
scratched  by  two  hard  steel  points  on  a  small  piece  of  sheet  metal 
electro-plated  with  copper.  The  scale  is  very  small,  but  the  traces  are 
read  imder  a  low  power  microscope.  The  marks  consist  of  two  lines 
roughly  parallel ;  at  least  they  would  be  parallel  were  there  no  change 
of  temperature.  In  the  usual  form  of  trace  these  lines  are  about  |  in. 
(12  mm.)  long,  and  start  about  ^  in.  apart,  diverging  to  perhaps  ^  in. 
at  the  top.  The  distance  between  the  lines  gives  the  temperature. 
Under  a  microscope  it  is  easy  to  read  this  distance  to  about  '001  in.,  or 
'025  mm.,  and  this  distance  corresponds  to  about  1""  G.  Two  independent 
observers  taking  the  same  trace  and  calibrating  the  instrument  indepen- 
dently are  not  likely  to  differ  in  their  readings  by  more  than  one  or  two 
degrees  of  temperature.  The  record  of  height 
is  more  uncertain.  The  atmospheric  pressure 
recorded  can  be  obtained  with  fair  accuracy,  but 
heights  where  the  pressure  amounts  to  only  a 
few  inches  of  mercury  (under  150  mm.)  are  fre- 
quently reached,  and  at  such  heights  a  small  error 
in  the  pressure  means  a  large  error  in  the  height. 
Fig.  1  shows  the  form  of  a  good  trace 
magnified  four  times.  The  instruments  are 
roughly  calibrated  a  few  days  before  they  are 
sent  up.  In  general  a  spring  holds  the  points 
off  the  copper,  but  an  hour  or  so  before  stai-t- 
ing,  a  wedge  is  inserted  which  presses  do^vn 
the  spring  and  brings  the  steel  points  on  the 
copper  at  the  points  A,  A.  The  instrument 
is  then  lowered  gently  into  water  to  a  definite 
depth,  and  the  increased  pressure  due  to  the 
water  makes  the  two  marks  AB,  AB.  I  am 
indebted  to  Mr.  W.  A.  Harwood  for  his  useful 
suggestion.  The  temperature  of  the  water  is  recorded,  and  this  tempera- 
ture compared  with  the  distance  between  the  lines  AB,  AB  gives  the 
zero  line  of  the  temperature  scale.  The  instrument  is  allowed  to  dry 
and  then  the  copper  is  drawn  along  a  short  distance  by  hand,  making 
the  marks  AC,  AC.  These  lines  form  the  base  lines  of  the  pressure 
scale.  The  instrument  is  then  sent  up,  and  as  the  temperature  falls 
the  points  separate  and  produce  the  trace  as  shown.  The  temperature  is 
given  by  the  length  DD  and  the  height  by  the  distance  from  C  to  DD. 

The  figure  shows  an  ideal  trace,  but  however  careful  the  observer 
may  be  after  he  has  inserted  the  wedge  he  is  cei-tain  to  get  a  few 
scratches  about  the  points  C,  C.  These  do  not  matter.  The  wedge 
has  a  piece  of  red  string  tied  to  it,  and  on  the  label  offering  the  reward, 
the  finder  is  requested  to  pull  out  the  wedge.  He  generally  does  so, 
but,  if  not,  the  shaking  of  the  journey  back  produces  two  blurrs  at  C 
and  C.  Still  if  the  marks  AB,  AB  are  distinct  the  only  result  is  that 
the  trace  is  lost  for  about  the  first  1000  feet  If  the  marks  AB,  AB, 
cannot  be  found,  one  has  to  make  the  best  guess  one  can  at  the  centre 
of  the  blurrs,  and  use  them  as  the  starting-points. 

In  general  the  lines  EC  and  EC  are  sharp  and  distinct,  and  if  the 
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balloon  is  sent  up  after  or  near  sunset  the  up  and  down  traces  are 
generally  almost  identical,  but  the  up  trace  is  mostly  distinguishable  from 
the  down.  Occasionally  thick  blurred  lines  occur,  notably  so  when  two 
balloons  arranged  tandem  are  employed,  but  there  is  no  difficulty  about 
reading  even  in  this  case.  The  chief  use  of  the  lines  AB,  AB,  the 
"water  marks"  as  we  call  them,  is  to  make  sure  that  the  standard 
temperature  line  has  not  been  altered  by  the  shaking  of  the  instrument 
in  transit  to  the  place  of  ascent 

All  the  traces  so  far  recovered  have  been  readable,  excepting  part 
of  one  of  Ml*.  Cave's,  which  was  picked  up  in  the  Channel,  off  Bognor. 
One  of  the  balloons  irom  Ciinan  also  fell  into  the  sea,  but  the  trace  was 
quite  legible.  It  might  perhaps  be  worth  while  to  electroplate  with 
gold  instead  of  copper.  Probably  owing  to  their  lightness  the  meteoro- 
graphs never  seem  to  be  injiu-ed  by  their  fall  Each  one,  as  soon  as  it  is 
returned  to  Manchester  or  Pyrton  Hill,  is  carefidly  calibrated,  and  I  take 
this  opportimity  of  expressing  my  indebtedness  to  Mr.  W.  A.  Harwood, 
who,  before  the  necessary  apparatus  was  obtained  at  Pyrton  Hill, 
calibrated  many  instruments  for  me  at  the  physical  laboratory  at 
Manchester  University. 

Perhaps  the  most  important  matter  about  all  baUoon  ascents  is  the 
question  of  solar  radiation.  The  thermograph  of  these  particular  instru- 
ments depends  on  the  contraction  of  a  strip  of  very  thin  polished  metal 
It  is  therefore  sensitive  and  not  susceptible  to  radiation.  It  is  further 
protected  by  a  cylindrical  case  polished  inside  and  out.  At  the  earth's 
surface  it  is  easy  to  see  that  it  is  but  little  influenced  by  solar  radiation. 
On  the  other  hand  it  is  certain  that  when  the  balloon  has  been  sent  up  in 
the  middle  of  the  day  in  the  summer,  and  has  not  burst,  the  temperature 
near  the  top  is  influenced  by  the  sun.  Thus  32"^  F.  has  been  recorded 
when  -  40°  F.  might  be  expected,  both  on  the  Continent  and  in  England. 
Quite  apart  from  direct  radiation  on  the  meteorograph,  it  is  easy  to  see 
that  its  ascent  may  be  made  in  a  column  of  air  that  has  been  warmed 
by  contact  with  the  balloon.  There  is  a  complete  relative  calm  and 
most  intense  solar  insolation,  and  a  slowly  ascending  balloon  may  well 
be  surrounded  by  a  mass  of  air  warmed  by  contact  with  the  balloon. 
It  is  usual  on  the  Continent  to  avoid  the  difficulty  by  rejecting  all 
observations  when  the  ventilation  is  insufficient,  that,  is  to  say,  when 
the  product,  density  of  air,  and  vertical  velocity  fall  below  a  certain 
standard.  As  our  instruments  carry  no  clock,  we  do  not  know  the 
vertical  velocity  and  cannot  adopt  this  plan. 

I  prefer  to  send  up  the  balloons  a  little  before  sunset,  so  that  by  the 
time  they  reach  their  highest  point  the  sun  may  be  near  or  below  their 
horizon.  By  this  means  all  doubt  concerning  the  temperature  is  avoided. 
The  vertical  velocity  of  the  balloon  is  immaterial  or  nearly  so.  If  the 
balloons  float  at  the  same  height  there  is  ample  time  for  the  metal  strip 
to  take  the  temperature  of  its  surroundings ;  if  the  motion  is  rapid  there 
is  a  stream  of  air  passing  over  it  to  render  it  sensitive.  Since  the  change 
of  temperature  of  the  strip  depends  on  the  mass  of  air  which  has  been  in 
contact  with  it,  and  this  mass  varies  as  the  velocity  multiplied  by  the  time, 
remembering  that  velocity  is  space  divided  by  time,  we  see  that  the 
velocity  cancels  out.  The  objection  to  this  plan  is  that  the  balloon  is 
not  seen  to  fall  and  hence  there  is  less  chance  of  finding  it,  and  the  time 
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of  flight  is  also  unknown.     It  is,  however,  an  exception  for  anyone  to  see 
the  balloon  fall,  even  when  it  falls  during  the  daylight. 

The  results  obtained  are  summarised  in  Table  I.  They  will  subse- 
quently be  published  in  detail  by  the  International  Aeronautical  Commis- 
sion, and  until  then  it  is  hardly  worth  while  to  do  more  than  give  a  rough 
statement  of  the  results. 

TABLE  L— Temperatures  at  Various  Heights. 


July  23. 

July  24. 

July  25. 

July  26. 

July  27. 

Mean. 

Ground  Level 

o 

e 

0 

0 

0 

e 

Crinan   .... 

57 

60 

59 

Manchester     . 

59 

57 

57 

59 

58 

SeUack  .... 

6S 

... 

65 

PyrtonHill    . 

60    1      59 

... 

... 

Dilcham  Park 

64    ,      63 

59 

62 

10,000  Feet 

1 

Crinan   .... 

32 

27 

34 

... 

31 

Manchester     . 

35 

30 

41 

37 

... 

36 

SeUack  .... 

29 

29 

Pyrton  Hill    . 

19 

33 

... 

... 

26 

Ditcham  Park 

... 

30 

39 

... 

27 

32 

20,000  Feet 

Crinan   .... 

... 

3 

8 

I 

... 

4 

Manchester     . 

I 

-7 

6 

10 

... 

2 

SelUck  .... 

-5 

.. . 

... 

-5 

PyrtonHill    . 

-3 

2 

... 

0 

Ditcham  Park 

... 

5 

12 

... 

-4 

4 

80,000  Feet 

Crinan   .... 

, ,, 

-27    '     ... 

-24 

-25 

Manchester    . 

-33 

-47        -30 

-20 

-33 

SeUack  .... 

-35 

... 

-35 

Pyrton  Hill    . 

-30 

... 

-30 

Ditcham  Park 

-Vs 

~3i. 

-24 

40,000  Feet 

Crinan   .... 

-40    .      ... 

-24 

-32 

Manchester     . 

-52 

-52    ,    -38 

-47 

SeUack  .... 

-54 

1      «» 

... 

-54 

Pyrton  HUl    . 

:::  '  -ii 

... 

-51 

Ditcham  Park 

-24 

... 

-24 

60,000  Feet 

Crinan    .... 

-39 

Manchester     . 

-50 

-50  ,  -37 

SeUack  .... 

-46 

i 

Pyrton  HiU     . 

1 

Ditcham  Park 

... 

-.0 1 

Crinan 

Lat.  56-6    N. 

Long.  6-33  W. 

Manchester  . 

„     53-29  N. 

„      2  14  AV. 

SeUack 

„     51-58  N. 

,.      2-85  W. 

Pyrton  HUl . 

„     61-38  N. 

»      10    W. 

Ditcham  Park 

„     60-67  N. 

„      0-47  W. 

Di 
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As  I  have  previously  stated,  I  do  not  think  too  much  importance 
must  be  attached  to  the  precise  height  to  which  a  given  temperature  is 
assigned  in  each  ascent  The  instruments  are  troublesome  and  difficult 
to  calibrate  without  specially  designed  apparatus,  and  this  apparatus  is 
not  yet  completed.  The  sequence  of  temperature  is  certainly  correct, 
and  I  have  no  doubt  about  the  substantial  accuracy  of  the  values.  Gases 
in  which  there  is  reason  to  assume  the  influence  of  solar  radiation  are 
omitted. 

It  has  been  known  for  some  time  that  after  a  certain  height  is  reached, 
the  air  temperature  ceases  to  fall  This  layer  is  of  variable  height,  and 
is  known  as  the  region  of  the  "great  inversion."  Some  competent 
meteorologists  have  expressed  doubt  about  this  inversion,  being  inclined 
to  ascribe  it  to  instrumental  errors.  Above  this  comes  the  isothermal 
region,  where  the  temperature  remains  almost  unaltered  with  change  of 
height. 

The  34  successful  ascents  that  have  been  made  in  £ngland  since 
June  last,  have  in  my  opinion  proved  conclusively  the  existence  of  the 
isothermal  conditions  above  some  7^  miles  (12,000  metres),  although  I  did 
not  previously  doubt  its  reality.  All  the  high  ascents  in  the  daytime  or 
after  sunset  show  this  nearly  uniform  temperature.  I  think  a  large 
inversion  may  be  open  to  question,  certainly  it  is  far  more  prominent 
in  ascents  made  in  the  morning  than  in  those  made  at  sunset. 

Nearly  all  the  balloons  sent  up  have  drifted  to  the  Eastward,  but 
several  that  have  reached  a  fair  height  have  fallen  within  20  miles  or 
less  of  their  starting-point.  It  is  only  in  a  few  instances  that  the  time 
of  flight  is  known.  The  heights  range  to  over  12^  miles  (20  kilo- 
metres), the  average  being  about  7|  miles  (12  kilometres),  so  that  bearing 
in  mind  the  small  size  of  our  balloons,  and  our  lack  of  previous  experience, 
we  may,  I  think,  consider  the  results  obtained  fairly  satisfactory. 


II.— RESULTS  OF  THE  BALLOON  ASCENTS^  MADE  FROM 
MANCHESTER,  JULY  22-28,  1907. 

By  J.  E.  PETAVEL,  F.R.S.,  and  W.  A.  HARWOOD. 

For  the  purposes  of  this  investigation  both  kites  and  balloons  were 
used. 

1.  Observations  by  Means  of  Kites. 

Kites  were  sent  up,  as  far  as  possible  daily,  from  the  Glossop  Moor 
Station,  between  July  16  and  28. 

Full  information  with  regard  to  the  results  obtained  will  be  foimd 
in  Tables  I.  and  II. 

The  weather  conditions  required  for  successful  work  with  balloons 
and  with  kites  are  more  or  less  antagonistic.  During  the  International 
week  the  weather  was  not  very  favourable  for  kite  ascents,  the  wind  on 
most  days  being  far  too  light  Nevertheless  the  kite  records  give 
valuable  supplementary  information,  and  confirm  the  results  obtained  by 
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the  balloons.  Towards  the  end  of  the  week  the  wind  increased  and  on 
the  26th  the  kite  and  balloon  ascents  were  both  successful.  The 
temperature  gradients  deduced  from  these  simultaneous  records  are  in 
good  agreement. 

On  the  27th  the  wind  freshened  again.  A  height  of  about  10^000  ft 
was  reached  by  the  kites,  but  the  balloon  sent  up  that  day  was  not  re- 
covered and  had  doubtless  drifted  out  to  sea. 

2.  Balloon  Ascents. 

Balloons  carrying  recording  instruments  were  sent  up  each  morning 
at  11  a.m.  between  July  22  and  28.  The  balloons  were  observed  from 
three  trigonometrical  stations  under  the  charge  of  Messrs.  W.  G.  Jenkins, 
W.  Wilson,  and  W.  A.  Harwood  respectively.  A  general  summary  of 
these  observations  will  be  found  in  Table  II. 

Indiarubber  balloons  of  the  nominal  size  2  ft.  (600  mm.)  diameter 
were  used.  These  were  filled  to  about  39  ins.  (1  metre)  diameter.  The 
instruments  employed  were  the  1  oz.  Dines  meteorographs  as  described 
in  Symons^s  Meteorological  Magazine^  voL  41,  p.  102. 

The  instruments,  together  with  instructions  to  the  finder,  were  attached 
to  a  small  silk  parachute  (11  ins.  square)  suspended  some  6  ft.  below  the 
balloon. 

In  a  normal  ascent  the  apparatus  should  reach  the  ground  some  two 
or  three  hours  after  the  start.  The  balloons  are  filled  to  give  a  lifting 
power  considerably  in  excess  of  the  weight  carried,  and  should  rise  rapidly 
imtil  they  expand  to  their  maximum  capacity  and  burst. 

The  size  of  the  parachute  is  adjusted  so  that  the  rate  of  fall  may 
be  as  rapid  as  is  consistent  with  the  safety  of  the  instrument.  If  the 
ascent  be  prolonged  owing  either  to  insuflBcient  initial  lifting  power,  or  to 
a  slight  leak  of  the  hydrogen,  there  is  a  high  probability  of  the  balloon 
drifting  out  to  sea ;  further,  the  vertical  motion  being  in  this  case  slow, 
the  ventilation  of  the  instrument  suffers  and  the  record  is  unreliable. 

During  the  International  week  a  balloon  was  filled  each  morning  at 
10.30,  and  carefully  inspected  with  a  view  to  detecting  and  closing  the 
small  holes  which  are  apt  to  develop  in  the  thin  rubber.  It  was  carried 
to  the  observatory  roof  and  the  instrument  was  attached,  the  spare  lifting 
power  being  at  the  same  time  determined. 

A  signal  was  then  sent  to  the  two  distant  trigonometrical  stations, 
and  the  balloon  was  liberated.  Trigonometrical  observations  were  made 
every  ten  seconds.  Owing  to  the  hazy  weather  the  balloons  were  usually 
lost  to  view  in  a  very  short  time,  and  the  trigonometrical  observations 
were  therefore  not  very  satisfactory. 

Discussion  of  ResuUs  Obtained. — We  now  come  to  the  consideration  of 
the  five  records  which  have  been  recovered.  In  those  of  July  23, 
24,  and  25,  the  upward  and  downward  traces  coincide.  In  the  record 
of  July  26,  there  exists  a  divergence  averaging  two  or  three  degrees. 

Whereas  the  first  three  balloons  rose  rapidly  to  a  very  considerable 
height  and  burst,  that  of  the  26  th  seems  to  have  developed  a  slight  leak, 
and  it  was  the  gradual  escape  of  gas  which  finally  brought  it  to  the 
ground.  The  slow  vertical  motion  and  consequent  bad  ventilation 
sufficiently  account  for  the  divergence  of  the  two  traces.     None  the  less, 
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as  mentioned  above,  the  temperature  gradient  agrees  well  with  that 
obtained  from  a  simultaneous  kite  ascent  and  the  error  cannot  therefore 
be  very  large. 

A  few  expeiiments  were  made  with  a  view  to  estimating  the  probable 
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Jijy   Temper-aturc   "/T 


'Balloon  /(ieents 
Jalj  97-1%  1907 

Manchester 


Fig.  2. 

error  introduced  by  unsatisfactory  ventilation.  Two  instruments  were 
compared.  The  one  was  exposed  to  the  full  sunshine  and  screened  from 
the  wind,  the  other  was  protected  from  all  radiation.  The  mean  difference 
between  the  temperatures  indicated  was  about  b'^'b. 
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Now  under  the  actual  conditions  of  the  ascent  the^ total  radiation 
incident  on  the  surface  of  the  case  when  the  balloon  is  at  its  maximum 
height  is  much  greater  than  under  the  circumstances  described ;  but  on 
the  other  hand  the  balloon  is  never  quite  at  rest,  and  the  instrument  is 
in  consequence  always  ventilated  to  some  extent. 

Continental  observers  have  pointed  out  that  in  some  instances  solar 
radiation  produced  an  error  in  the  temperature  of  as  much  as  50°  when 
the  instrument  was  badly  ventilated  From  what  has  been  said  above  it 
seems  extremely  unlikely  that  an  error  of  such  magnitude  could  occur  in  the 
case  of  the  Dines  meteorograph.  The  shape  of  this  instrument — an  open- 
ended  cylinder — is  exceptionally  favourable  to  good  ventilation,  and  the 
polished  aluminium  exterior  reduces  the  heat  absorption  to  a  minimum. 

The  difficulty  with  regard  to  the  height  determinations  lies  in  the 
uncertainty  of  the  zero  of  the  trace  and  in  slight  irregularities  of  the 
calibration.  From  the  measurement  of  the  traces  we  obtain  directly  the 
amount  by  which  the  atmospheric  pressure  has  fallen  during  the  ascent. 
The  difference  between  this  and  the  barometric  reading  at  the  ground 
level  gives  us  the  residual  pressure  from  which  the  height  is  computed. 
The  pressure  at  the  highest  level  is  the  difference  between  two  large 
quantities  and  is  consequently  subject  to  a  relatively  considerable  error. 
Further,  at  great  altitudes  the  rate  of  change  of  pressure  with  height* is 
very  small  It  follows,  therefore,  that  the  determination  of  the  maximum 
height  is  always  somewhat  uncertain. 

Curves  giving  the  results  of  the  five  ascents  are  shown  in  the  accom- 
panying diagram  (Fig.  2). 

The  ascents  confirm  the  interesting  theory  put  forward  by  Teisserenc 
de  Bort  ^  with  regard  to  the  existence  of  a  nearly  isothermal  layer  above 
some  7  miles. 

Between  the  ground -level  and  a  height  of  about  5  miles  the 
temperature  falls  continuously.  The  average  gradients  over  this  range 
varied  during  the  week  between  0°-28  and  O'^'SS  per  100  ft  (0°-5  and 
0°*6  C.  per  100  metres).  Above  7  miles  all  our  curves  show  a  more  or 
less  marked  temperature  inversion. 

To  what  extent  these  and  the  other  features  of  the  curves  may  depend 
on  local  circumstances  or  even  on  instrumental  errors  can  only  be 
determined  when  the  results  obtained  at  the  other  stations  have  been 
worked  out. 

Pending  the  publication  of  the  complete  observations  it  is  of  course 
useless  to  attempt  any  general  discussion  of  the  subject. 

1  Coinptei  Rendus,  vol.  134,  pp.  987-1000,  April  1902.  Vol.  188,  pp.  42-45,  Jan.  1904. 
Vol.  145,  pp.  149-152,  July  1907,  ete. 


IIL— BALLOON  EXPERIMENTS  IN  DUBLIN,  JULY  22-27,  1907. 

By  Prof.  W.  K  THRIFT,  M.A.,  Trinity  CoUege,  Dublin. 

It  was  proposed  to  observe  the  balloons  from  Trinity  College,  Dunsink 
Observatory,  and  Mountjoy  Square,  the  observations  made  at  the  third 
station  being  intended  to  check  those  made  at  the  others. 
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Unfortunately  the  weather  throughout  the  week  could  hardly  have 
been  worse  for  the  purpose,  as  it  was  almost  invariably  thick  and  cloudy. 
There  was  a  slight  improvement  on  Friday  afternoon  in  the  suburbs,  so 
Ashtown  Racecourse  was  substituted  for  the  city  stations.  It  is  near 
Dunsink,  between  Dunsink  and  the  Phoenix  Park,  which  lies  to  the  west 
of  the  city.  On  Friday  two  stations  were  chosen  on  a  straight  stretch 
of  the  racecourse  which  runs  nearly  east  and  west.  These  stations  were 
about  five-eighths  of  a  mile  apart ;  the  west  one  being  in  full  view  of  Dun- 
sink  Observatory,  distant  about  half  a  mile  from  it  However,  probably 
because  their  telescope  could  not  be  depressed  below  an  altitude  of  a  few 
degrees,  and  because  the  Observatory  is  on  a  hill,  the  Dunsink  observers 
did  not  get  in  view  in  their  telescope  the  balloons  sent  up  from  Ashtown, 
so  that  observations  on  them  were  only  taken  from  the  Ashtown  stations. 
On  Saturday  afternoon,  July  27,  owing  to  scarcity  of  observers,  only  one 
station  was  used  at  Ashtown.  Balloons  were  sent  up  both  from  Ashtown 
and  from  Dunsink  Observatory :  observations  on  the  latter  were  taken 
from  both  stations. 

Two  balloons  a  day,  at  least,  were  sent  up,  despite  the  fact  that  little 
was  to  be  expected  from  the  direct  observation  of  them  because  of  the 
thickness  of  the  atmosphere,  as  it  was  hoped  that  information  might  be 
gained  from  their  ultimate  destination,  which  was  regarded  as  the  primary 
object  of  the  experiments.  Of  the  earlier  ones,  several  had  obviously 
insuflScient  lifting  power,  even  though  I  had  considerably  exceeded  the 
suggested  degree  of  inflation.  I  was  at  first  afraid  to  inflate  them  more 
lest  they  should  burst  before  reaching  any  considerable  height.  Direct 
experiment  on  one  balloon  showed  what  degree  of  expansion  that 
particular  kind  of  balloon  was  capable  of,  and  it  was  easy  then  to 
calculate,  approximately  at  any  rate,  what  inflation  was  permissible  with 
a  given  rise  in  view.  It  will  be  noticed  that  with  one  exception  all  the 
balloons,  of  the  finding  of  which  I  have  been  notified,  were  found  near 
Dublin,  and  that  they  were  the  ones  with  very  little  lifting  power.  In 
fact  the  condensation  of  moisture  on  them  was  probably  sufficient  to 
bring  them  down.  The  exception  had  good  lifting  power  and  crossed 
the  Channel,  falling  in  Wales.  The  direction  of  the  upper  current  was 
therefore,  on  this  occasion,  North-West,  though  that  of  the  lower  was 
South-East.     Most  of  the  other  balloons  probably  fell  in  the  Channel. 

I  think  that  possibly  interesting  information  may  be  obtained  from 
experiments  15,  16,  and  1 9,  with  regard  to  the  rate  of  ascent  question. 

I  can  determine  the  positions  of  the  various  stations,  from  observa- 
tions taken  at  them,  to  a  fair  degree  of  accuracy,  if  they  are  required. 

The  balloons  were  generally  lost  sight  of  owing  to  their  disappearance 
in  clouds. 

Professor  Whittaker,  his  assistant  Mr.  Martin,  Mr.  G.  T.  M*Caw,  of 
the  Geodetic  Survey,  N.E.  Khodesia,  my  assistants  Mr.  Jackson  and  Mr. 
Cotter,  and  three  of  our  students,  Mr.  Poole,  Mr.  Hill,  and  Mr.  Panton, 
took  important  parts  in  the  carrying  out  of  the  experiments. 

I  think  the  method  adopted  quite  satisfactory  and  capable  of  successful 
application  if  large  balloons  are  used,  and  proper  arrangements  made  with 
regard  to  stations  and  observing  instruments.  I  found  the  best  way  of 
conducting  the  observations  was  to  have  one  observer  at  the  observing 
telescope,  and  two  others  at  the  measuring  circles.     The  former  kept  the 
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balloon  always  in  view ;  on  bringing  it  to  the  intersection  of  cross  wires, 
he  called  to  the  other  observers  who  noted  the  time  and  the  readings  of 
the  horizontal  and  vertical  circles ;  they  generally  had  time  to  take  their 
readings  before  the  observer  at  the  telescope  was  obliged  to  move  the 
telescope  in  order  to  prevent  the  balloon  going  out  of  the  field  of  view. 
In  this  way  the  balloon  could  be  followed  till  it  appeared  as  a  very  small 
speck  in  the  telescope — so  small  that  it  would  have  been  quite  impossible 
to  find  it  again,  if  once  lost  sight  of  by  the  observer. 


The  Dispersal  of  Fog. 

Some  time  ago  Dr.  Shaw,  the  Director  of  the  Meteorological  Office,  at  the 
invitation  of  the  London  County  Council,  consented  to  examine  and  report 
upon  the  proposak  of  Signer  Demetrius  Maggiora  "  to  prevent  the  formation  of 
fog,  or  to  disperse  it  in  case  it  is  already  formed,  and  also  to  disperse  and 
destroy  all  clouds,  and  to  prevent  rain,  hailstorme,  lightning,  and  thunder." 

In  his  report  to  the  Public  Control  Committee  Dr.  Shaw  stated  : — 

"  The  apparatus  which  Signor  Maggiora  now  offers  for  removing  London 
fog  is  apparently  on  similar  lines  to  that  supplied  in  Italy  for  dispersing  hail- 
storms. From  the  scientific  point  of  view  hail  affords  a  much  more  specious 
opportunity  for  human  interference  than  fog.  The  atmosphere  is  then  in  a 
state  of  great  commotion  preceded  by  abnormally  unstable  conditions.  A 
London  fog  is  incidental  to  conditions  of  unusual  stability,  and  Signor 
Maggiora's  memorandum  suggests  no  physical  process  which  could  produce  any 
effect  in  accordance  with  the  known  physical  properties  of  the  atmosphere. 

^  It  may  be  remarked  that  the  weight  of  a  cubic  mile  of  air  is  about  five 
million  tons,  and  consequently  the  weight  of  fog-laden  air,  in  the  case  of  a  fog 
a  mile  thick  extending  over  the  district  of  greater  London  alone,  is  3000 
million  tons.  It  is  obviously  useless  to  attempt  the  motion  of  so  great  a  mass 
by  mechanical  action.  .  .  . 

**  I  may  sum  up  by  saying  that  the  claim  to  prevent  or  disperse  fog  is 
entirely  unsupported  by  any  evidence.  The  claim  to  prevent  rain  is  opposed  by 
the  more  frequent  claim  of  similar  processes  to  produce  rain  in  countries  which 
suffer  from  drought,  and  the  claim  to  affect  hail-storms  (which  is  associated  with 
that  regarding  thunder  and  lightning)  is  not  allowed  by  the  scientific  experts  of 
Austria  and  Italy  who  have  conducted,  special  investigations  on  the  subject  for 
their  respective  Governments." 

Having  regard  to  the  terms  of  Dr.  Shaw's  report,  the  Committee  made  the 
following  recommendation  to  the  London  County  Council,  which  was  agreed 
to : — "  That  the  Main  Drainage  Committee  be  authorised  to  allow  Signor  D. 
Maggiora  the  use  of  a  site,  on  land  held  for  main  drainage  purposes,  in  order  to 
enable  him  to  conduct  experiments  with  his  apparatus  for  the  prevention  and 
dispersion  of  fog,  and  that  the  grant  of  any  such  facilities  to  Signor  Maggiora 
shall  be  made  on  the  distinct  understanding  that  the  experiments  are  not  being 
carried  out  under  the  direction  of  the  Council,  and  that  the  name  of  the  Council 
shall  not  be  used  in  any  way  in  connection  with  any  application  for  financial 
aid  for  working  the  invention." 
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DISCUSSION  OF  THE  METEOROLOGICAL  OBSERVATIONS 
AT  THE  BRITISH  KITE  STATIONS,  SESSION  1906-1907. 

By  MARGARET  WHITE,  T.  V.  PRING,  AND  J.  E.  PETAVEL,  F.R.S. 

[Read  November  20,  1907.] 

Introduction. 

Investigations  of  the  upper  air  are  carried  out  at  four  British  Stations 
bylmeans  of  kites  and  balloons. 

These  stations  are — 

1.  Pyrton  Hill,  near  Watlington,  Ozon,  500  ft.  above  sea-level. 

2.  Ditcham  Park,  near  Petersfield,  Hampshire,  400  ft 

3.  Brighton,  Sussex,  380  ft. 

4.  Glossop  Moor,  Peak  District^  Derbyshire,  1100  ft 

The  work  is  under  the  general  direction  of  Mr.  W.  H.  Dines,  F.R.S., 
who  has  devised  most  of  the  special  apparatus  in  use. 

The  present  paper  consists  of  an  analysis  of  the  records  obtained 
during  the  past  session. 

The  kites  carry  meteorographs  which  give  a  continuous  record  of 
temperature,  wind  velocity,  humidity,  and  height.  Some  5000  readings 
have  been  obtained  from  these  records  and  form  the  principal  basis  of  the 
following  conclusions. 

Temperature  Gradients. 

Under  ordinary  circumstances  the  atmospheric  temperature  decreases 
continually  with  increasing  height.  The  rate  of  fall  is,  in  the  daytime, 
very  rapid  close  to  the  ground  and  diminishes  at  higher  levels. 

The  average  temperature  gradient  calculated  from  the  data  published 
during  the  present  session  is  given  in  the  following  table  : — 

TABLE  I.— Tempbeatube  Gradients  (Degrees  Fahr.  per  100  feet)  in  Various 
Parts  of  England.     Average  Values,  Session  1906-1907. 

Place  Ground— 1640  ft.    1640-8280  ft.    3280-4920  ft.    4920-6560  ft 

Glossop  Moor        ...  0^68  0°50              0^84             048 

Brighton       ....  0-44  O'SO 

Ditcham  Park       ...  0-58  0-41 

Oxahott  and  Pyrton  Hill       .  0'43  0-41              0-86 

The  decrease  of  temperature  is  somewhat  more  rapid  at  Glossop  Moor 
and  Ditcham  Park  than  in  the  case  of  the  other  two  stations.  The 
average  temperature  gradient  for  all  stations  works  out  at  0°'50  per  100 
ft  (0''-92  C.  per  100  metres)  between  the  ground-level  and  1640  ft.  (500 
metres),  0'*-42  (O^'-TG  C.)  between  1640  and  3280  ft.  (500  and  1000  m.), 
and  0^-34  (0°-61  C.)  for  the  next  1640  ft.  (500  m.). 

In  Fig.  1  the  average  temperature  height  curves  for  the  various 
stations  are  given.     For  the  purpose  of  comparison  curves  embodying  the 
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results  obtained  at  Blue  Hill,^  Berlin,*  Oxshott,  and  Crinan  during  previous 
years  are  inserted.* 

The  theoretical  fall  of  temperature  due  to  the  adiabatic  expansion  of 
diy  and  also  of  saturated  air  will  be  found  on  this  diagram. 

The  Berlin,  Crinan,  and  Oxshott  curves  agree  closely  with  the 
calculated  gradient  for  saturated  air,  whereas  the  Blue  Hill  and  Glossop 
Moor  curves  lie  closer  to  the  dry  air  values. 

Let  us  now  consider  what  factors  might  a  priori  be  expected  to  cause 
a  departure  from  the  above-stated  average  conditions. 

Firstly,  the  temperature  gradient  varies  with  the  direction  of  the 
wind.  At  Glossop  Moor  it  is  largest  for  a  North-west  wind,  as  will  be 
seen  in  the  polar  diagram  (Fig.  2). 


w 


The  distribution  at  Brighton  and  Ditcham  Park  is  shown  in  Fig.  3. 
At  Oxshott  and  Pyrton  Hill  both  the  change  of  gradient  with  height,  and 
the  variation  with  wind  direction,  as  calculated  from  this  session's 
observations,  are  very  small. 

Numerous  observers  have  noticed  that  in  a  general  way  the  tempera- 
ture gradient  is  highest  on  fine  cloudless  days,  and  lowest  when  the  sky 
is  overcast. 

This  led  us  to  calculate  the  average  temperature  gradient  at  Glossop 
for  a  high  and  for  a  low  barometric  pressure,  with  the  following  result : — 

^  See  Dines,  Pjvc,  Roy,  Soc.  vol.  Ixxvii.  p.  443. 
«  Met.  ZeU.,  1904,  p.  459. 

'  See  also  for  Paris,  St.  Louis,  Blue  Hill,  Berlin,  and  Moscow,  Beitr,  z.  Phys,  d.  freieu 
Atmos.,  1906,  vol.  ii.  p.  40. 
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TABLE  II.— AvERAOE  Trmperature  Gradient  for  High  and  Low  Barometric 
Pressures  (Degrees  Fahr.  per  100  feet). 

Oroand-1040  fL      1040-3280  a.      8280-4020  ft. 

Barometer  above  30  inches    .        .        0*64  0*41  0*45 

„        below  30  inches   .  0*59  0*41  0*31 

The  difference  is  small  but  seems  to  bear  out  the  statement.  If, 
however,  we  take  as  our  criterion  the  actual  percentage  of  clouded  sky 
during  the  ascent  we  obtain  a  much  more  definite  result. 

TABLE  III.— Temper ATV re  Gradient  at  Glossop  on  Cloudless  and  on 
OvER(MST  Days  (Degrees  Fahr.  per  100  feet). 

Cloudless  or  almost    Sky  partly       Sky  entirely 
cloudless  sky.  clouded.  overcast. 

Ground-1640  ft 

1640-3280  ft.         .... 
3280-4920  ft        .... 

With  a  cloudless  sky,  therefore,  the  average  temperature  gradient  is 
always  large. 

This  effect  is  doubtless  due  to  the  difference  between  the  adiabatic 
expansion  of  dry,  saturated,  and  partly  saturated  air ;  and  this  conclusion 
is  borne  out  by  a  comparison  between  the  percentage  of  humidity 
corresponding  to  the  average  of  the  highest  and  lowest  temperature 
gradients. 

TABLE  IV.— Temperature  Gradient  and  Humidity,  Glossop,  1906-7 
(Degrees  Fahr.  per  100  feet). 

G^dient.       C°™g»i%^'««« 

Ground-1640  ft.        .  0*99  77 

0-46  91 

1640-3280  ft 0-63  82 

0-36  94 

3280-4920  ft 0-46  79 

0-17  94 

The  observations  were  also  analysed  in  order  to  estimate  the  connec- 
tion between  the  wind  velocity  and  the  temperature  gradient.  Taking 
for  each  height  the  average,  firstly  of  the  lowest  and  then  of  the  highest 
temperature  gradients,  we  obtain  the  following  result : — 

TABLE  v.— Wind  Velocity  and  Temperature  Gradients. 

Temperature  Gradient  in  degrees  Fahr.  per  100  ft ;  Wind  Velocity  in  miles  per  hour. 

Grouiid.lG40  ft.  1640-8280  8280-4920 

Place.  Terap.         Wind  Temp.         Wind  Temp.         Wind 

Gradient.      Velocity.     Gradient.     Velocity.    Gradient    Velocity. 

Glossop  Moor  .  0*45  17  0-86  28  017  35 

0-99  15  0*63  24  0*46  31 

Ditcham  Park         .  0-38  30  0*35  30 

0-73  26  0-62  28 

Brighton         .  .         0  13  20  0-09  29 

0-71  22  0-49  24 

Oxshott  .         .         .         0-22  22  0-12  28 

0-65  19  0-54  34 
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There  is,  it  appears,  little  doubt  that  a  strong  wind  and  a  low 
temperature  gradient  usually  co-ezist. 

The  results  obtained  near  Paris,  Blue  Hill,  and  Berlin,  show  a  consider- 
able variation  of  temperature  gradient  from  summer  to  winter;^  this 
effect  exists  in  England  but  it  is  much  less  marked. 

TABLE  VI.— Average  Temperature  Gradient  in  Summer  and  Winter 
(Degrees  Fahr.  per  100  feet). 


Ground-1640  ft. 

1640^280. 

3280-4iM 

Average  for  England, 

o 

o 

e 

Summer 

0-69 

0-47 

0-38 

Winter. 

0-46 

0-88 

0-24 

Average  for  Berlin. 

Summer 

0-60 

0-38 

0-86 

Winter. 

0-18 

0-15 

016 

The  result  of  this  relatively  slight  alteration  of  the  gradient  with 
the  season  of  the  year  is  to  render  the  curves  of  temperature  nearly 
parallel  at  all  heights,  as,  for  instance,  is  shown  in  the  case  of  GIossop  in 
Fig.  4. 
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Wird  VeloeUies, 

A  serious  defect  of  the  investigation  by  means  of  kites  is  that  the 
conditions  under  which  observations  can  be  taken  are  limited;  a  calm 
or,  on  the  other  hand,  a  very  stormy  day  rendering  a  successful  ascent 
impossible. 

To  obviate  this  defect  it  is  hoped  in  subsequent  years  to  provide  for 

*  See  BeUr,  z.  Phys,  d./reien  Atnws.y  1906,  vol.  ii.  p.  36. 
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the  use  of  balloons  on  calm  days,  while  the  recent  installation  at  Glossop 
Moor  of  new  machinery,  purchased  with  funds  awarded  by  the  Govern- 
ment Grant  Committee  of  the  Royal  Society,  will,  it  is  hoped,  considerably 
increase  the  chances  of  a  satisfactory  ascent  in  very  high  winds. 

In  Table  VII.  the  average  wind  velocities  at  various  heights  have 
been  worked  out  from  the  results  obtained  at  each  of  the  kite  stations. 

TABLE  VII.— AvKRAOK  Wind  Velocities  (Miles  per  hour). 

Place.  Ground.  1640  ft.  3280  ft.  4920  ft. 

Glossop  Moor        ....  130  ^  26-1  30*2  33-3 

Oxahott  and  Pyrton  Hill  .  13-0  300  31-8  36*7 

Brighton 16P  26-6  28-5 

DitchamPark       ....  247  29-5  31-2  37-5  (?) 

1  EsUinated. 

The  average  wind  velocity  at  each  height  is  therefore  nearly  the 
same  at  all  stations.  It  has  been  pointed  out  that  these  numbers  do  not 
include  all  possible  weather  conditions ;  but  as  the  maxima  and  minima 
wind  velocities  happen  to  be  both  excluded  by  experimental  difficulties, 
the  error  is  to  a  certain  extent  compensated.  The  rate  of  increase  is, 
however,  probably  somewhat  exaggerated,  owing  to  the  fact  that  the 
higher  altitudes  are  attained  only  when  the  upper  wind  is  of  considerable 
strength. 

The  average  wind  velocity  increases  with  height  very  rapidly  for  the 
first  330  ft.  and  more  slowly  at  higher  levels. 

At  the  Blue  Hill  Observatory  the  increase  in  velocity  with  height  is 
0*6  mile  per  hour  in  summer,  and  2*1  miles  per  hour  in  winter  for  each 
330  ft.  rise. 

In  England,  near  to  the  ground  level,  a  similar  change  occurs,  the 
winds  in  winter  increasing  twice  as  rapidly  as  in  summer.  At  heights 
above  1640  ft.  the  gradient  still  alters  with  the  season.  The  variation, 
however,  is  in  the  reverse  direction,  the  increase  in  winter  being  0*9  mile 
per  hour  per  330  ft.,  falling  in  the  summer  months  to  0*6  mile  per  hour. 

It  has  been  suggested  by  Clayton  and  by  EgnelP  that  the  wind 
velocity  at  any  altitude  is  inversely  proportional  to  the  density  of  the 
atmosphere  at  that  altitude;  that  is  to  say,  the  mass  of  air  passing  a 
given  point  in  a  given  time  is  constant  for  all  altitudes,  or,  expressed 
algebraically. 

Yd  =  constant 

where  V  is  the  wind  velocity  and  d  the  density  of  the  atmosphere. 

The  law  applies  well  for  high  levels,  but  at  the  moderate  heights 
reached  by  kites  the  increase  is  rapid,  and  follows  more  closely  the 
inverse  square  of  the  density. 

We  now  come  to  the  question  of  the  alteration  of  wind  direction 
with  height.  As  is  well  known  from  the  study  of  the  motion  of  clouds, 
and  from  the  data  obtained  by  means  of  balloons,  the  direction  of  the 
wind  alters  at  high  levels,  rotating  in  a  clockwise  direction ;  for  instance, 
a  South  wind  tends  to  become  more  Westerly. 

In  individual  experiments  the  amount,  and  even  the  direction  of 
the  rotation,  differ  widely.     Taking,  however,  averages  from  the  600 

1  C<mptes  Rendits,  1903,  vol.  cxxxvi.  pp.  868-361. 
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observations  of  wind  direction,  which  are  available  for  the  present 
session  (balloon  ascents  included),  we  obtain  a  consistent  result,  showing 
that  up  to  8200  ft.  the  angle  between  the  wind  at  the  ground  level  and 
the  tipper  wind  is  nearly  proportional  to  the  height. 


Height. 

Total  angle  of  rotation. 

Ground  to  1640  ft. 

ir 

8280  ., 

IS** 

4920  „ 

20' 

6600  „ 

30* 

8200  „ 

40'* 

Previous  investigations  have  shown  that  both  under  cyclonic  and 
anticyclonic  conditions  the  change  of  direction  is  greatest  in  the  case  of 
a  Southerly  wind.  Taking  from  our  observations  the  average  rotation 
for  such  winds  we  obtain  angles  of  13^  35°,  and  67°  between  the  wind 
at  the  groiuid"  level,  and  at  1640,  4980,  and  8200  ft.  respectively,  *.«., 
a  rotation  nearly  50  per  cent,  above  the  general  average. 

The  investigation  of  the  relation  between  wind  velocity  and  barometric 
gradient  may   not  seem  at  first  sight  to  offer  serious  difficulties.     In 


JddwmeUic  y^adicnt  <  Mni  ydociiv. 
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Fig.  5  the  gradients  and  resulting  wind  velocities,  as  measured  at  Glossop 
during  August  1906,  are  plotted,  and  the  synchronous  rise  and  fall  of 
the  curves  is  at  once  apparent.  It  is  equally  evident  that  the  wind 
velocity  cannot  be  expressed  as  a  simple  function  of  the  gradient. 
Theoretical  considerations  confirm  this  view.  The  wind  velocity  depends, 
not  merely  on  the  absolute  value  of  the  gradient,  but  on  the  angle  which 
the  wind  forms  with  the  direction  of  the  gradient,  on  the  curvature  of 
the  path,  and  doubtless  also  on  the  wind  direction,  season  of  the  year, 
and  other  factors. 

A  preliminary  study  of  the  question  showed  that  the  data  available 
were  too  incomplete  to  form  the  basis  of  reliable  conclusions. 
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The  exact  gradient  at  the  time  at  ivhich  the  observations  are  taken 
cannot  be  obtained  with  accuracy ;  the  general  disposition  of  the  isobars 
over  the  country  is  recorded  morning  and  evening  by  the  Meteorological 
Oifice,  but  it  is  only  by  interpolation  that  the  gradient  at  any  other  time 
of  day  can  be  determined.  Again,  small  local  variations  in  barometric 
pressure  cannot  be  obtained  from  the  weather  charts,  but  have  probably 
an  important  effect  on  the  prevailing  wind. 

It  would  be  useless  to  give  a  further  account  of  this  incomplete  and 
therefore  unsatisfactory  part  of  our  work. 

During  the  coming  year  it  is  hoped  to  arrange  for  barometric 
observations  to  be  made,  during  the  kite  ascents,  at  various  places  in 
the  neighbourhood  of  the  Glossop  Station,  with  a  view  to  the  further 
study  of  this  question. 

APPENDIX. 

The  values  given  in  Tables  I.-VII.  are  reproduced  in  the  Centigrade  and 
Metric  scales  in  the  following  Tables  for  the  use  of  Continental  observers : — 

TABLE  I.— Temperature  Gradients  (Degrees  Centigrade  per  100  metres)  in 
VARIOUS  Parts  of  England.     Average  Values  for  the  Session  1906-1907. 


Place 


Ground  level-      600-1000  1000-1500         1500-2000 

600  metres.        metres.  metres.  metres. 


Glossop  Moor        ...  1-24  0-91  0-61  0*33  (?) 

Brighton       ....  0-81  0*54 

DitchamPark       .        .  105  076 

Oxshott  and  Pyrton  Hill  0-78  076 

TABLE  11.— Average  Temperature  Gradient  for  High  and  Low  Barometric 
Pressure  (Degrees  Centigrade  for  100  metres). 

Ground-  600-1000  1000-1500 

500  metres.  metres.  metres. 

Barometer  above  762  mms.  .  1-17  075  0-81 

Barometer  below  762  mms.  .  1*08  076  0-56 

TABLE  III.— Temperature  Gradient  at  Glossop  on  Cloudless  and  on 
Overcast  Days  (Degrees  Centigrade  per  100  metres). 

Cloudless  or  almost        Sky  partly  Bky  entirely 

cloudless  sky.  clouded.  overcast. 

Ground-500  metres     .  1*66  1-58  0*93 

600-1000  metres  1*09  1*00  072 

1000-1500  metres       .        .  0*60  (?)  0*51  0*49 

TABLE  IV.— Temperature  Gradient  and  Humidity,  Glossop,  1906-7 
(Degrees  Centigrade  per  100  metres). 

Gradient  ^^gS^lSftf '"«' 

Ground-600  metres  ...        1  '80  77 

0-82  91 

500-1000  metres       ...        114  82 

0*65  94 

1000-1500  metres:    .        .        .        0-83  79 

0*31  94 
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TABLE  v.— Wind  Velocity  and  Temperature  Gradients. 

Temperature  Gradient  in  degrees  Centigrade  per  100  metres ;  Wind  Velocity  in 
metres  per  second. 


Place. 
Glossop 
Ditcham  Park 
Brighton 
Ozshott 


Temp. 
Gradient. 


Ground-500  metres. 

Wind 
Velocity. 

m.p.s. 
7-6 
6-7 


0-82 
1-805 

0  695 
1-325 

0-282 
1-297 

0-894 
1-188 


18-3 
11-6 

8*9 
9-6 

9-8 
8-3 


Temp. 
Gradient. 


500-1000  metres. 

Wind 
Velocity. 

m.p.8. 
12-5 
10-7 


0-66 
1-13 

0-645 
0-943 

0-168 
0-890 

0-186 
0-980 


131 
12-6 

131 
10-7 

12-3 

16 


1000-1500  metres. 

Temp.  Wind 

Gradient       Velocity. 

m.p.s. 
0-31  15-6 

0-84  13-8 


TABLE  VI. — Average  Temperature  Gradient  in  Summer  and  Winter 
(Degrees  Centigrade  per  100  metres). 


Average  for  England, 

Ground- 
500  metres.! 

o 

500-1000 
Jmetres. 

o 

1000-1500 
metres. 

o 

Sammer 

1-08 

0-86 

0-70 

Winter  . 

0-84 

0-69 

0-43 

Average  for  Berlin. 

Summer 

109 

0-69 

0-65 

Winter  . 

0-24 

0-27 

0-30 

TABLE  VII.— -Average  Wind  Velocities  (Metres  per  second). 

Place.  Ground.         500  metres.       1000  metres.      1500  metres. 


Glossop  Moor 

Oishott  and  Pyrton  Hill 

Brighton 

Ditcham  Park 


5-81 
5-8 
7-21 
11-0 

1  Estimated. 


11-6 
13-3 
11-8 
13-1 


13-6 
14-2 
12-7 
13-9 


14-9 
16-4 

16-7  (?) 


DISCUSSION. 

Mr.  W.  Marriott  said  that  the  Kite  CoDimittee  had  considered  it  desirable 
that  balloon  observations  should  be  taken  in  Ireland.  Sir  John^  Moore  had 
suggested  that  they  should  apply  to  Prof.  W.  E.  Thrift  of  Trinity  College, 
Dublin  ;  and  he,  with  the  assistance  of  the  Astronomer-Royal  for  Ireland  and 
other  gentlemen,  had  entered  into  the  matter  very  heartily.  The  Kite  Com- 
mittee considered  it  not  desirable  to  send  up  any  meteorographs,  as  Dublin 
was  so  close  to  the  sea.  A  number  of  pilot  balloons  were  used,  and  arrangements 
were  made  for  having  two  or  three  observers  with  theodolitej9,  to  get  the  altitude 
and  rate  of  travel  of  the  balloons.  The  great  difficulty  experiencwi  was  with  the 
weather.  The  sky  was  covered  with  low  cloud,  in  which  the  balloons  were  lost 
in  less  than  a  minute.  Only  one  of  the  balloons  had  passed  over  the  sea,  and 
that  fell  in  Wales.  Most  of  the  balloons  fell  near  Dublin,  and  did  not  attain 
any  great  altitude.  A  great  deal  of  interest  had  been  aroused,  and  much  atten- 
tion given  to  the  subject  in  Ireland. 
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Mr.  C.  J.  P.  Cave  said  that  he  had  sent  up  six  balloons  in  July,  of  which 
four  had  been  returned.  He  showed  the  temperature  and  height  curves  on  a 
lantern  slide.  Some  of  the  balloons  sent  up  in  the  daytime  showed  an  undue 
rise  of  temperature  at  the  highest  points  reached.  The  balloon  sent  up  on 
July  23  gave  higher  temperatures  than  usual,  due  perhaps  to  solar  radiation,  as 
the  balloon  was  probably  not  ascending  fast ;  it  was  leaking  and  was  found  in- 
tact next  day  floating  in  the  Channel.  A  balloon  sent  up  on  the  evening  of 
July  24  went  up  to  52,500  feet  (16,000  metres),  and  was  watched  with  one 
theodolite  for  two  hours.  The  sun  set  on  the  balloon  22  minutes'  later  than  it 
set  on  the  ground.  July  25  was  the  only  day  on  which  an  ascent  was  made 
with  an  instrument  other  than  that  of  Mr.  Dines',  one  of  M.  Teisserenc  de 
Bort's  meteorographs  being  used.  The  balloon  of  July  27  was  the  only  one 
sent  up  at  night ;  it  reached  a  height  of  28,000  ft.  (8500  metres),  and  the 
decrease  of  temperature  was  rather  greater  than  in  tlie  other  cases.  He  was  very 
.  grateful  to  Mr.  Dines  for  the  instrument  he  had  designed,  as  those  used  on  the 
Continent  were  heavier  and  much  more  expensive.  In  the  International 
ascents  England  headed  the  list  for  height  with  two  ascents  at  Manchester  of 
69,000  feet  (21,000  metres),  and  out  of  nine  ascents  of  over  65,000  feet  (20,000 
metres)  four  took  place  in  England. 

Captain  C.  H.  Ley  said  that  his  observations  had  been  chiefly  carried  on 
with  pilot  balloons,  of  which  he  had  sent  up  more  than  thirty.  He  had  used 
a  method  different  from  the  other  methods,  consisting  of  measuring  the  diameter 
of  the  balloon  by  wires  in  the  diaphragm  of  a  theodolite,  and  from  that  getting 
the  range  of  the  balloon.  Observations  of  the  altitude  determined  the  vertical 
height  and  the  horizontal  distance.  Most  of  the  results  had  been  plotted,  and  he 
was  submitting  a  general  report  on  them.  They  were  interesting  chiefly  in  the 
matter  of  velocities.  They  showed  no  steady  velocity,  and  the  average  over  a 
long  run  could  give  only  fair  results,  but  there  were  considerable  and  sharp 
variations.  His  results  agreed  generally  with  the  few  returns  given  by  Mr. 
Dines'  instruments  of  the  temperature  variations.  When  the  velocity  was  fast 
the  temperature  gradient  was  slow. 

Dr.  W.  N.  Shaw  remarked  that  it  was  not  long  ago  since  the  investigation 
of  the  upper  air  had  been  put  aside,  on  the  ground  that  it  was  impossible  in 
this  country,  and  it  was  extremely  gratifying  to  And,  within  a  few  years,  that 
the  upper  air  had  been  investigated  by  the  ascent  of  about  twenty-five  Imlloons 
during  a  single  week.  A  new  system  of  observations  had  also  been  introduced 
by  the  method  of  pilot  balloons  and  their  examination  by  theodolites.  Captain 
Ley  had  used  this  method  with  remarkable  effect,  and  it  promised  to  form  the 
subject  of  an  interesting  paper  at  a  later  date.  They  had  heard  two  sets  of 
papers,  the  first  connected  with  the  international  ascents  in  the  last  week  of 
July,  and  the  second  concerning  the  general  results  of  kite  and  balloon  observa- 
tions, comparing  the  results  obtained  at  different  stations  in  the  British  Isles 
during  the  year  1906-7.  It  was  rarely  that  any  one  was  found  to  discuss 
the  observations  made  by  other  people,  and  they  had  to  thank  Mr.  Petavel  for 
so  doing.  Mr.  Petavel  had  dealt  with  the  results  of  the  different  kite  stations 
by  the  method  of  mean  values.  When  considering  the  observations  returned 
to  the  Meteorological  Office  with  Mr.  Gold,  he  had  thought  it  desirable  to  go 
behind  this  method,  and  to  endeavour  to  make  some  pictorial  representation  of 
the  results  of  the  kite  observations,  in  which  the  classification  of  the  observations 
according  to  frequency  was  represented.  The  diagrams  he  had  had  prepared  were 
included  in  a  paper  read  before  the  Aeronautical  Society  last  December.  He 
showed  four  slides,  which  gave  the  results  at  Oxshott  in  the  form  of  differences 
at  successive  steps  of  500  metres  (1640  feet)  from  the  values  at  500  metres 
above  sea-level.  Dr.  Shaw  then  called  attention  to  the  confirmation  which  the 
recent  experiments  afforded  to  the  existence  of  the  stratosphere,  a  layer  of  air 
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above  whicli  there  would  only  be  a  slight  variation  of  temperature.  This 
isothermal  layer  was  found  at  about  10  kilometres  (6*2  miles),  and  its  existence 
was  clearly  proved  by  many  ascents.  The  curves  compared  satisfactorily  with 
the  best  of  those  obtained  on  the  Continent  As  to  the  origin  of  this  layer  there 
were  different  suggestions,  among  them  the  question  as  to  whether  the  propor- 
tion of  gases  did  not  vary.  M.  Teisserenc  de  Bort  had  endeavoured  to  ascertain 
the  facts  by  using  vacuum  tubes,  which  were  opened  and  sealed  automatically 
at  great  heights. 

Mr.  J.  £.  Petavel  remarked  that  the  high  temperature  gradients  obtained 
at  Glossop  Moor  over  the  first  height  interval  were  doubtless  due  to  the  altitude 
of  this  station,  which  is  1100  feet  (345  metres)  above  the  sea.  The  first  gradient 
is  therefore  the  difference  of  temperature  per  328  feet  (100  metres)  over  a 
height  of  492  feet  (155  metres)  only  as  compared  with  an  average  interval  of 
1310  feet  (400  metres)  for  other  British  stations.  As  is  well  known  the 
gradient  very  near  the  ground  level  is  always  exceptionally  great. 

The  President,  in  conclusion,  said  they  would  all  unite  in  conveying  their 
thanks  to  the  authors  ol  the  reports,  Mr.  Dines,  Mr.  Petavel,  Mr.  Harwood, 
Prof.  Thrift,  and  Miss  White,  through  the  gentlemen  who  had  read  the  papers. 
Captain  Ley's  report  would,  he  hoped,  be  heard  on  a  future  occasion.  Time 
did  not  admit  of  further  speaking,  but  he  might  add  that  the  mean  curves  of 
the  vertical  temperature  gradient  in  the  air  were  reminiscent  of  the  typical 
curves  of  the  vertical  temperature  gradient  in  the  ocean  and  in  seas,  the  region 
of  rapid  change  near  the  surface  passing  gradually  into  an  isothermal  (or  as  he 
had  ventured  to  term  it,  a  homothermic)  layer.  In  terminating  the  meeting 
he  announced  that  an  interesting  Model  of  a  Climatological  Station,  prepared 
by  Messrs.  Negretti  and  Zambra,  was  being  exhibited  in  the  tea-room. 

January  16,  1906. — ^The  average  height  of  these  ascents  is  over  18,000  metres,  and  a 
region  where  the  temperature  change  with  height  is  trifling  has  been  reached  in  26  ca.sea. 


Hail  Shooting  in  Italy. 

In  the  United  States  Monthly  Weather  Review  for  August  1907,  there  is  a 
Note  by  Professor  Cleveland  Abbe,  in  which  he  says  that  the  references  to  this 
subject  in  previous  volumes  of  that  publication  have  abundantly  shown  the  prob- 
ability that  there  is  no  rational  basis  for  the  efforts  made  in  Italy  and  France 
to  break  up  thunderstorma  and  prevent  injurious  hail  by  some  method  of 
cannonading.  Neither  the  noise,  nor  the  smoke,  nor  the  heat,  nor  the  com- 
motion produced  by  grand  vortex  rings  can  be  expected  to  have  any  consider- 
able influence  on  the  enormous  cumulus  clouds  from  which  hail  and  lightning 
proceed.  This  conviction  is  now  confirmed  by  a  report  read  before  the  Royal 
Academy  of  Sciences  at  Rome  (Accademia  dei  Lincei),  on  December  2,  1906, 
by  Senator  P.  Blasema,  who  is  also  Professor  of  Physics  in  the  Royal  University 
at  Rome,  and  President  of  the  Accademia  dei  Lincei.  In  1902  Professor 
Blasema  was  appointed  by  the  Italian  Government  president  of  a  special  com- 
mission to  investigate  the  subject  A  locality  that  had  suffered  extremely  in 
previous  years  was  chosen  as  the  field  of  operations,  viz.  Castel-Franco  in 
Yenetia,  and  222  cannon  of  the  most  approved  special  type  manufactured  by  the 
Greinitz  Company  were  established  ;  each  of  these  sends  up  a  vortex  ring  13 
feet  in  diameter,  and  one  additional  cannon  sending  up  a  vortex  45  feet  in 
diameter  was  subsequently  added.  As  these  vortices  failed  to  ascend  higher 
than  200  or  300  yards  they  evidently  had  no  effect  on  the  clouds ;  therefore  a 
higher  station,  the  Casa  Aulagne  di  Monteux,  was  occupied,  so  that  the  vortex 
rings  attained  1200  yards,  but  still  no  good  results  were  perceived. 
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Then  the  Secretary  for  War  and  the  manufacturers  of  pyrotechnics  were 
appealed  to.  Of  the  latter,  Marazzi,  at  Rome,  succeeded  in  constructing  bombs 
weighing  18  lbs.  that  were  carried  up  to  2500  feet,  where  they  exploded. 
During  1906,  250  broadsides  were  fired  by  the  222  cannon  at  Aulagne,  and  60 
of  the  Marazzi  bombs  were  sent  up,  but  still  no  good  effects  were  perceptible. 
These  negative  results  of  a  five  years'  campaign  justify  the  commission  in  re- 
commending that  the  Italian  Government  no  longer  encourage  such  expensive 
and  useless  work. 

Audibility  of  Clock  Bells. 

In  connection  with  Mr.  Marriott's  notes  on  sound  (and  the  clock  bell  of 
St  Paul's  Cathedral  being  heard  at  a  distance),  in  the  Quarterly  Journal  of  the 
Royal  Meteorological  Society ^  voL  xx.  p.  243,  the  following  extract  from  Notes  and 
Queries  (November  16,  1907)  is  of  interest : — 

The  great  clock  bell  of  St.  Paul's  possesses  the  peculiarity  of  sounding 
different  notes  from  different  positions  and  distances  (of  different  degrees  of 
audibility).  The  architect  who  superintended  its  recasting  must  have  foi^tten 
to  provide  a  section,  consequently  the  bell  is  *<  straight-waisted,"  which  accounts 
for  its  uncertain  sound.  All  curves  in  the  section  of  a  bell  should  be  sections 
of  a  cone,  and  of  the  same  cone.  Probably  (says  Mr.  Walter  ScargiU)  the 
architect  may  have  forgotten  to  read  his  Vitruvius,  who  shows  that  an 
architect  must  not  be  "  music-deaf." 

Influence  of  Temperature  on  tke  Iron  Railway  Viaduct  at  Crumlin. 

Begun  in  1853,  the  great  viaduct  in  Monmouthshire  was  opened  in]1857,  but 
after  its  completion  temporary  diflSculties  were  experienced  owing  to  the  expan- 
sion and  contraction  of  so  vast  a  body  of  ironwork,  and  the  girders  had  to  be 
supported  on  rocking  links. 

The  records  which  were  taken  show  a  variation,  owing  to  the  difference  of 
temperature,  of  ^^  of  an  inch  in  the  length  of  the  viaduct  between  4.0  a.m.  and 
4.0  p.m.  on  June  12,  1861,  a  fine  warm  day  following  a  cold  damp  night.  The 
greatest  difference  in  length  aggregates  over  two  and  a  half  inches,  the  extremes 
occurring  respectively  on  February  12,  1861,  when  the  temperature  was  32%  and 
on  August  27, 1861,  when  the  temperature  was  90*,  a  difference  of  58°. — Great 
Western  Railway  Magazine,  October  1907. 

The  Fumess  Railway  Wind-Oauge. 

More  than  two  years  ago  some  allusion  was  made  (Qtuirterly  Journal  of 
the  Royal  Meteorological  Society,  voL  xxxi.  p.  189)  to  the  wind-gauge  erected  in 
the  neighbourhood  of  Ulverston  to  protect  trains  from  risk  in  traversing  a 
very  exposed  viaduct  A  full  description  of  this  is  now  given  in  The  Railway 
Magazine  (October  1907,  p.  337,  et  seq.)  with  an  illustration.  The  apparatus 
is  fixed  at  the  west  end  of  the  Levens  viaduct,  and  its  actuating  part  consists 
of  two  boards,  kept  in  a  vertical  position  by  springs,  and  the  movements  of 
which  are  shown  on  a  chart  by  means  of  the  customary  pen  and  clockwork 
appliances.  A  pen  is  operated  by  either  board  according  to  the  direction  of 
the  wind,  and  for  greater  exactitude  of  time,  the  chart  paper,  over  sixty-five  feet 
long,  is  perforated,  the  holes  in  the  paper  corresponding  with  studs  in  a  clock- 
work wheel. 

When  the  wind  pressure  reaches  32  lbs.  to  the  square  foot  the  spring  boards 
referred  to  are  adjusted  to  make  an  electrical  contact,  ringing  bells  in  the 
signal  cabins  on  either  side  of  the  viaduct,  and  when  this  occurs  all  trains  are 
detained  until  the  force  of  the  wind  moderates — any  such  interruption  being 
telegraphed  to  the  superintendent  of  the  line.  The  apparatus  is  tested  weekly. 
It  has  been  at  work  since  September  1903,  and  in  February  1907  a  velocity 
calculated  as  equivalent  to  65  miles  an  hour  was  recorded. 
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THE  POSSIBILITY  OF  A  TOPOGRAPHY  OF  THE  AIR  BASED 

ON  BALLOON  OBSERVATIONS  WITH  SPECIAL 

THEODOLITES. 

By  Capt.  a  H.  LEY,  F.R.Met.Soc. 

[Read  December  18,  1907.] 

Part  I 

That  meteorology  has  hitherto  been  held  by  many  to  be  a  nebulous 
science,  in  which  only  vague  generalisations  or  general  averages  can  be 
dealt  with,  is  no  reason  for  assuming  that  it  must  always  remain  so,  and 
it  is  with  the  object  of  drawing  attention  to  one  of  the  branches  of 
meteorological  investigation,  which  promises  a  considerable  extension  in 
the  future,  that  this  paper  has  been  written. 

I  refer  generally  to  the  investigation  of  variations  in  velocity  and 
direction  of  wind  in  the  great  middle  strata  of  the  atmosphere,  by  means 
of  balloons  followed  by  special  theodolites,  and,  when  possible,  carrying 
instruments ;  and  in  particular  to  the  results  of  the  diameter  method  as 
carried  out  in  Herefordshire  this  past  summer. 

Site. — Herefordshire  is  well  situated  for  balloon  ascents,  because  it  is 
bounded  on  all  sides  by  relatively  large  areas  of  land  surface,  especially 
in  the  direction  towards  which  the  prevailing  winds  blow,  viz.  towards 
points  between  N.  and  S.E. 

The  actual  site  was  at  Sellack,  about  3  miles  N.W.  of  Ross,  on  the 
neck  of  a  long  promontory  running  to  N.E.,  and  bounded  by  the  river 
Wye,  which  here  makes  a  sharp  S-shaped  bend  through  rather  hilly 
country  (see  Figs.  5,  9). 

Diameter  Method. — ^The  method  is  based  on  the  direct  estimation  of 
range  of  the  balloon  from  its  apparent  diameter,  as  measured  by  cross- 
threads  in  a  telescope. 

In  the  system  found  most  convenient  the  threads  form  two  or  more 
horizontal  triangles,  crossed  by  equidistant  vertical  threads.  The  breadth 
of  the  triangles  at  the  points  of  crossing  is  accurately  determined,  and 
the  balloon  is  fitted  in  to  a  triangle,  its  diameter  being  estimated  from 
the  position  it  occupies  in  the  triangle  in  reference  to  the  nearest  fixed 
threads  (see  Fig.  1). 

The  range  being  thus  determined,  an  altitude  and  azimuth  are  read, 
and  the  position  of  the  balloon  fixed  and  plotted  on  a  map. 

In  practice  it  is  difficult,  except  when  the  range  is  great  and  the 
apparent  motion  slow  {e.g.  until  diameters  are  less  than  say  25  seconds), 
to  keep  a  balloon  for  any  length  of  time  between  the  cross-threads. 
During  this  period  continuous  momentary  estimations  are  made  until  the 
eye  can  accurately  gauge  the  rate  of  decrease  of  diameter  and  becomes 
aware  of  its  position  of  fit,  when  a  reading  is  taken. 

The  judgment  throughout  is  made  rather  by  appreciation  of  the  area 
and  curvature  of  the  figure  of  the  balloon  in  relation  to  the  tangential 
threads,  than  by  any  actual  linear  measurement  (see  Fig.  1). 
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Readings. — The  following  system  was  found  the  best  for  readings : — 
Observer  reads  diameter  in  seconds,  and  Horizontal  Arc  to  \  degiee. 
Assistant  reads  time  to  seconds,  and  Vertical  Arc  to  minutes. 

Before  sending  up  a  balloon  the  cross-thread  constants  were  when 
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Fio.  1. — Cross- threads,  showing  BaUoons. 

Note.— Hold  10  ins.  from  the  eye,  this  diagram  will  appear  of  same  size  as  the  arrangement 
viewed  with  45-power  eye-piece. 

possible  checked  on  test  points,  the  instrument  accurately  levelled  and 
focussed,  and  the  loss  of  gas  in  the  balloon  measured.  In  calculations  all 
altitude  angles  were  reduced  to  the  centre. 

Telescope, — The  aperture  was  TO  inches,  focal  length  13^  inches. 

Eye-pieces  were  used  giving  powers  as  follows : — 

Jvly         ......         power  28 

September .                   .  „     40,  56 

October about  45 

The  56  power  was  too  high  and  bad  definition  resulted,  but  with 
45  power  the  definition  over  the  26  minute  distance  occupied  by  the 
cross-threads  was  good. 

Expansion  Allowance. — The  following  expansion  allowance,  based  on 
Boyle's  law  and  an  assumed  decrease  of  temperature  and  pressure,  was 
included  in  the  theodolite  calculations,  and  was  considered  accurate  enough 
for  practical  purposes : — 


0-  5,000  ft. 

6,000-10,000   „ 

10,000-20,000  „ 

20,000-30,000  „ 


0-9    per  cent  per  1000  ft.  of  height 

1*1  f>  11  l» 

1*15  ,,  ,,  ,, 


Solar  Radiation, — ^To  avoid  solar  radiation  effect  on  gas  as  far  as  pos- 
sible, as  a  rule  the  balloons  were  sent  up  shortly  after  sunrise  or  before 
sunset. 

Rough  experiments  were  made  with  thermometers  placed  inside 
coloured  and  colourless  balloons  in  bright  sunshine,  filled  with  hydrogen 
and  lung  gases,  which,  though  incomplete,  tended  to  show  that  the  solar 
effect  in  a  colourless  balloon  at  the  earth's  surface  in  the  middle  of  a 
warm,  still,  dry  day  in  the  course  of  an  hour  is  probably  not  great,  but 
that  the  gas  in  a  coloured  balloon  is  much  more  powerfully  affected. 
It  seemed  that  the  heating  efi'ect  on  the  gas  depends  on  the  temperature 
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of  the  rubber,  and  that  the  warmiDg  of  the  latter  is  a  comparatively 
slow  process.  It  was  thought,  therefore,  that  the  effect  from  solar 
radiation  on  the  hydrogen,  especially  in  a  colourless  balloon,  is  not 
sufficient  at  the  sunrise  and  sunset  hour  in  the  middle  strata  to  appreci- 
ably affect  the  accuracy  of  a  diameter  estimation. 

Loss  of  Gas, — A  sudden  loss  of  gas  would  have  to  be  large  to  affect 
the  apparent  diameter.  Thus  a  5  per  cent  shrinkage  of  diameter  means 
a  loss  of  15  per  cent  in  volume,  which,  if  it  occurred  in  a  few  minutes, 
would  rapidly  cause  an  unusual  decrease  in  the  observed  altitude  angle, 
and  affect  the  subsequent  gradients  of  track. 

This,  however,  is  not  the  case  where  apparently  rapid  shrinkages, 
resulting  in  high  observed  velocities,  occur. 

In  most  cases  the  decrease  in  the  altitude  angle  is  normal,  in  many 
it  is  a  relative  rise,  and  in  some  cases  an  actual  and  large  rise  takes  place 
(see  Figs.  4,  6,  7,  8). 

There  is,  however,  a  fairly  constant  loss  of  gas  in  nearly  all  balloons. 
Although  insufficient  to  affect  the  diameter  in  the  short  space  of  time 
under  observation,  in  the  case  of  No.  35  it  had  to  be  taken  account  of. 

Flag  Tests, — The  only  test  as  to  accuracy  of  observations  on  balloons 
yet  possible  of  application  has  been  as  follows : — 

A  light  silk  flag  folded  over  a  meridian  of  the  balloon  is  kept  in  place 
by  a  silk  tape  running  through  itself  and  drawn  tight  over  the  flag  and 
meridian.  The  circumference  over  the  tape  is  accurately  measured,  and 
the  free  end  cut  off  to  any  desired  length  according  to  the  height.  The 
diameters,  and  therefore  volumes  and  pressures,  at  the  start  and  at  the 
moment  when  the  flag  drops  are  thus  known,  and  the  height  can  be 
calculated  and  compared  with  the  height  at  that  moment  as  calculated 
from  the  observed  theodolite  observations  of  the  balloon,  with  the 
correction  for  expansion.  This,  of  course,  assumes  a  certain  normal 
decrease  of  pressure  and  temperature. 

This  speculation  resulted  as  follows  : — 


1907. 

BallooD. 

Theodolite 
height. 

Flag  do. 

Difference 
per  cent 

Sept.  12    . 

31 

13,706  ft. 

13,883  ft. 

2-4 

Oct.      3    .         .         . 

35 

8,285 

6,236 

26 

.,         4  '.          .         . 

86 

7,247 

6,924 

4 

»      7;.      .      . 

37 

13,680 

13,608 

•17 

„       16    .         .         . 

40 

13,482 

13,045 

8 

As  will  be  seen  below.  No.  36  on  October  3  was  sent  up  in  quite  un- 
usual conditions.  Its  measured  loss  of  gas  before  starting  was  very  large 
(6  ins.  circumference  in  55  minutes).  This  was  allowed  for  in  all  theo- 
dolite calculations  in  this  case.  The  large  difference  is  not  to  be  attributed 
to  observational  errors,  as  the  balloon  was  very  clear  and  steady  at  a  large 
angle  of  elevation  and  the  diameter  large. 

The  analysis  of  the  track  (see  Fig.  10)  also  shows  reason  for  believing 
that  sudden  loss  of  gas  is  not  a  probable  cause  of  the  difference,  especially 
as  this  balloon  attained  an  altitude  of  nearly  60,000  ft. 

There  remain  the  possibilities  of  the  tape  having  worked  loose,  or  of 
a  large  variation  from  normal  conditions. 

I  have  no  reason  for  believing  the  foimer.  If,  in  the  unusual  general 
conditions  referred  to  later,  the  latter  was  the  case,  the  pressure  at  8000  ft. 
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must  have  been  that  which  would  normally  occur  at  6000  ft,  i.e.  about 
1  '7  in.  of  mercury  greater  than  the  normal  at  this  altitude. 

With  No.  40  on  October  15  an  improvement  had  been  made  by 
replacing  the  tape  with  a  slack  silk  thread  running  through  loops  on 
the  balloon  and  attached  to  a  spring  clip  holding  the  flag.  When  the 
slack  was  taken  in,  and  the  thread  pulled  by  the  expanding  balloon,  the 
spring  was  released  and  the  flag  fell  (see  Figs.  2,  3).  This  arrangement 
would  also  be  useful  for  dropping  an  instrument  at  a  given  height. 


Po>»f  of 


-  Etm^t.c  3,jLw„4 


where 


Farmvlm  used. — The  formulae  used  for  theodolite  calculations  were  as 

follows : — 

/.  V    ,          (206085  d  sin  A) 
(l)  h  =  a' g 

(ii.)  h.d.  =  h  cot  A. 

h  =  vertical  height  in  feet. 
h.d.  =  horizontal  distance  in  feet. 

d  =  diameter  in  feet  of  balloon  at  start 
A  =  angle  of  altitude  (to  minutes). 
B  =  observed  diameter  in  seconds. 

a  =  expansion  percentage. 

In  the  case  of  a  flag-height  calculation  the  formula  used  was  : — 
273 +< 


?"  V  ^  273 +  T 


(Boyle's  law) 


where  I?  and  P  are  the  new  and  old  pressures, 

<  and  T '        „  „  temperatures 

{t  assumed  from  the  theodolite  height). 

—  was  replaced  by  the  fraction 

old  circumference'       . 
(old  circ.  +  draw  of  tape) '  ' 

p  was  therefore  ascertained,  and  the  corresponding  height  obtained  from 
the  tables. 
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Fonniila  connecting  vertical  velocity  and  lifting  force : 

where  L  =  lifting  force,  p  =  relative  density,  r  =  radius  of  .balloon,  v  = 
vertical  velocity,  fi  =  constant.     If  no  loss  of  gas  occurred,  and  relative 

densities  remained  the  same,  L  is  a  constant     Also  p  varies  as  3 , 
Hence  voc  »Jr 


Part  II 

ResMz, 

Balloons  were  sent  up  as  follows : — 

July 21  Pilots     ...  3  returned. 

.  3  Ballons  Sondes       .  1  retarned. 

Sept,  and  Od,          .        .        ,            21  Pilots    ...  13  returned. 

3  Ballons  Sondes       .  3  retui-ned. 

Of  the  unreturned  Pilots  in  September  and  October,  several  were  seen 
to  burst  at  comparatively  low  altitudes,  and  this  was  particularly  the  case 
with  those  that  had  been  in  store  for  some  time. 

The  sizes  used  were  as  follows : — 


1000  mm.  C.T.  Cos 

700    „ 

600    „ 
1000    „     Paturel 

750    „ 
2  ft.  coloured 
smaller  English 


1  Ballon  Sonde 
4  Ballons  Sondes 

1  Ballon  Sonde 

2  Pilot  Balloons 
^      »»  »i 

16      „  ,, 


Several  of  the  returned  Pilot  cards  showed  rapid  probable  velocities, 
notably  Nos.  19a  and  26.  No.  26  was  picked  up  at  Stratford-on-Avon, 
39  minutes  after  being  lost  to  view. 

Paturel's  balloons  were  very  efficient,  and  seldom  lost  gas  to  any 
extent. 

July. — The  July  results  were  partly  unsatisfactory,  because  a  number 
of  small,  inefficient  English  balloons  were  used,  the  power  of  the  telescope 
was  only  28,  the  slow  motion  not  perfect,  and  the  cross- wires  home-made 
of  indiarubber  solution.  Wires  of  about  2  seconds  apparent  diameter 
could  be  obtained  with  the  latter  material,  but  only  lasted  a  short  time, 
and  were  subject  to  changes. 

Thick  wires,  difficult  to  obtain  otherwise,  can,  however,  be  made  of 
indiarubber,  and  last  well. 

Except  in  3  more  accurate  cases  the  July  results  have  not  been 
plotted.  The  results  were  sufficient^  however,  to  confirm  a  suspicion 
entertained,  e.g.y  that  local  variations  of  velocity  in  the  lower  and  middle 
strata  are  principally  caused  by  undulations  in  the  earth's  surface. 

The  plans  and  sections,  of  which  a  few  have  been  here  reproduced, 
show  the  difficulty  of  accounting  for  these  extraordinary  variations  by 
any  mere  theory  of  errors.  Such  a  theory  would  have  to  assume  a 
whole  series  of  coincidences  of  great  improbability. 
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Summary. — To  summarise  the  results : 

Tracks  of  2 1  balloons  have  been  plotted,  and  sectional  drawings  of  the 
18  longest  courses  made. 

There  appear  22  cases  of  balloons  travelling  at  first  over  low  ground, 
then  over  a  definite  ridge  or  hill,  and  in  each  of  these  cases  the  vertical 
velocity  shows  a  considerable  increase  over  the  hill.  In  9  of  them  the 
increase  is  over  100  per  cent,  and  in  the  majority  of  the  remainder  over 
50  per  cent. 

Two  cases  appear  where  there  is  a  ridge  but  no  rise  in  velocity,  while 
there  are  1 4  cases  of  a  rise  without  any  definite  hill  or  ridge. 

Of  these  14  cases,  1  is  certainly  due  largely  to  the  efl^ect  of  cloud, 
and  was  in  North-west  wind  conditions ;  4  occur  with  different  balloons 
over  the  same  locality  in  the  neighbourhood  of  the  Malvern  Hills; 
3  with  different  balloons  over  another  locality  presenting  special  features ; 
3  in  North-west  wind  conditions ;  and  the  remainder  at  the  beginning 
of  runs  in  the  lowest  and  most  variable  stratum  of  air,  and  when, 
owing  to  rapid  apparent  motion,  errors  are  probably  greater. 
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As  a  rule,  over  a  hill  both  the  vertical  velocity  and  horizontal  velocity 
increase,  but  the  vertical  velocity  in  greater  proportion  than  the  hori- 
zontal. On  the  other  hand,  over  the  lower  ground  before  and  after  a 
hill  it  appears  that  the  horizontal  velocity  usually  increases  faster,  or 
shows  a  less  decrease,  than  the  vertical  velocity,  especially  at  the  greater 
heights. 

The  ratio  of  the  two  components  of  velocity  is  of  course  shovm  by 
the  slope  of  the  track,  which  will  be  referred  to  below. 

Horizontal  Deflection. — The  horizontal  deflection  of  the  wind  due  to  the 
ground  is  much  more  marked  when  there  is  less  wind,  i.e.  in  anticyclonic 
conditions,  in  cyclonic  calms,  and  at  low  altitudes.  In  such  conditions 
the  general  tendency  seems  to  be  for  the  breezes  to  blow  as  far  as  possible 
along  the  contours  of  the  ground.     In  the  case  of  a  valley  the  line  of 


Digitized  by 


Google 


LEY— TOPOGRAPHY  OF  THE  AIR 


88 


least  resistance  is  found  along  the  bottom  of  the  valley ;  in  the  case  of  a 
ridge  this  line  is  again  along  the  contours ;  but  there  sometimes  appears 
a  breeze  along  and  below  the  farther  edge  of  the  ridge,  in  a  direction 
indicative  of  the  general  direction  of  the  superimposed  current  (see  Figs. 
5  and  9). 

Horizontal  deflection  is  often  accompanied  by  a  collapse  of  vertical 
velocity  (see  Nos.  13,  35,  16,  20),  and  in  the  case  of  16  this  occurs  with 
a  very  strong  wind. 


Fig.  6. 


Examination  of  Exceptions 

JFesMi/  Winds. — Exceptional  Localities. — (i.)  Between  the  Malverns 
and  the  lower  slopes  of  May  Hill  lies  a  section  of  rough  hilly  country  of 
no  great  height  and  cut  through  by  several  streams  running  down  to  the 
Severn. 

The  4  balloons  16,  22,  24,  and  26a  passed  over  this  section,  and  all 
showed  remarkable  and  similar  rises  in  velocity  just  before  reaching  the 
margin  of  the  Severn  valley  (see  Figs.  7  and  8). 

With  26a,  passing  close  to  the  Malverns  at  a  height  of  about  18,000 
feet,  this  increase  was  enormously  magnified  and  evidenced  by  an  actual 
rise  in  the  angle  of  altitude  (Fig.  8). 

With  1 6,  at  a  height  of  8000  feet,  the  rise  is  followed  by  a  drop  over 
the  further  edge  with  a  change  in  direction  towards  the  Malverns,  as  had 
also  been  the  case  with  the  previous  ridge. 

With  no  definite  hill  immediately  below  to  account  for  this,  it  seems 
likely  that  it  is  due  to  a  lateral  extension  of  the  lift  of  air  over  the 
Malverns  themselves,  i.e.  so  to  speak,  to  the  flanks  of  a  large  "air- 
moimtain  "  due  to  these  steep  hills.     Supposing  that  May  Hill  and  the 
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Forest  of  Dean  formed  another  "air-mountain,"  the  section  of  ground 
referred  to  would  lie  under  a  high  "  air-neck  "  joining  the  two  supposed 
mountains. 

The  terms  "air-mountain,"  "air-neck,"  etc.,  are  only  used,  however, 
to  illustrate  the  raising  or  depressing  effect  on  a  particle.  The  actual 
isobaric  surfaces  are,  it  is  suggested  later,  possibly  raised  over  the 
valley  preceding  a  hill,  and  depressed  over  the  high  ground  in  a  manner 
corresponding  to  an  anticyclone  and  cyclone  respectively. 

(ii.)  In  the  cases  of  Nos.  22,  24,  26a,  again,  there  is  a  sudden  increase 
of  velocities  over  Queen's  Wood  and  the  Kempley  ridge  just  north  of  this 
wood.  This  ground  is  higher  than  that  just  noticed,  but  less  rough,  and 
is  the  source  of  many  small  tributaries  of  the  Severn.  Its  height  does 
not  quite  account  for  the  jump  of  balloon  velocities  over  it  in  an  air- 
stratum  between  5000  and  8000  feet  high. 

It  is  noticeable,  however,  that  this  damp  ground  marks  the  western 
limit  of  the  Old  Red  Sandstone  on  the  border  of  a  comparatively  im- 
pervious wedge  of  shale  and  limestone  forming  the  actual  watershed 
and  separating  this  district  from  the  Old  Bed  Sandstone  in  the  Wye 
valley. 

In  the  case  of  40,  to  the  north  of  this  area,  there  is  no  rise  in  velocities, 
which  are  quite  low,  and  in  the  case  of  16,  just  south  of  this  area,  there 
is  an  actual  drop  in  velocities  with  a  change  of  wind  to  the  North,  as 
previously  noticed. 

It  would  seem  that  this  locality  forms  a  coll  or  "  air-ridge  "  extending 
from  the  general  air-ridge  to  the  west  and  overlooking  a  broad  "air- 
basin  "  to  the  north  lying  over  the  ground  basin  between  the  Marcle  and 
Ledbury  hills, 

Exceptunud  Wind  Conditions. — ^The  3  cases  of  exceptional  rises  in 
velocity  over  low  ground  with  a  North  to  West  wind  are  36,  19a,  and  19. 


19  A       t«  M*t     S#r«a*''*'^ 


19       3i  ft    *< 


Fio.  6. 


In  these  cases  the  exceptions  occur  in  the  lower  and  lower  middle  air 
strata,  t.e.  below  8000  feet. 
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19  and  19a  (Fig.  6)  were  sent  up  on  the  same  day,  September  3.  A 
deep  depression  waa  moving  away  to  the  north  over  Norway,  and 
dispersing. 

In  the  morning  19a  showed  unusually  little  breeze  and  low  vertical 
velocity  up  to  6000  feet,  followed  by  a  strong  middle  current  from  North- 
west with  rapid  ascensional  movement  over  Wye  valley  until  the  Ross 
Hills  were  reached,  when  the  combined  effect  of  the  town  and  the  steep 
hill  caused  the  bdloon  to  swerve  and  shoot  up  with  enormous  vertical 
velocity,  this  velocity  immediately  dropping  over  the  sheltered  valley 
beyond,  when  the  balloon  entered  the  stratus  bank  lying  over  the  Forest 
of  Dean  area.  It  was  picked  up  at  Newbury  in  Berkshire  the  next 
day,  68  miles  south-east  of  Ross. 

In  the  evening  another  depression  was  appearing  over  Ireland,  and 
the  wind  was  backing  to  West  Again  there  was  a  comparatively  mild 
breeze  in  the  lowest  stratum,  but  rapidly  increasing  at  about  3000  feet, 
until  just  beyond  the  Wye  valley,  at  the  first  ridge,  when  another  extra- 
ordinary jump  occurred,  principally  in  vertical  velocity,  at  a  height  of 
about  7000  ft.,  followed  by  a  swerve  and  sudden  drop  to  low  but  increas- 
ing velocity  towards  the  watershed,  where  it  entered  the  stratus  belt  at 
10,000  ft  The  balloon  carried  an  instrument  which  was  picked  up  at 
Lewes,  in  Sussex,  about  135  miles  to  the  south-east  of  Ross,  after  a 
maximum  vertical  run  of  45,000  feet. 

The  two  tracks  are  of  similar  nature  in  somewhat  similar  conditions, 
show  a  general  North-west  upper  current,  a  change  of  wind  in  the  lower 
stratum,  and  a  general  levelling  process  taking  place  during  the  day  in 
the  matter  of  horizontal  velocity. 


Fio.  7. 


These  diurnal  effects  should  be  compared  with  similar  effects  in  the 
case  of  the  three  balloons  21,  22,  24,  also  sent  up  on  the  same  day,  viz. 
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September  5,  with  a  deep  depression  moving  across  the  north  of  Scotland 
(Fig.  7).  No.  36  occurred  in  anticyclonic  conditions  with  a  strong 
Northerly  breeze  in  lower  stratum,  decreasing  somewhat  in  horizontal 
velocity  with  altitude.  The  balloon  was  picked  up  at  Tidenham  (15 
miles),  having  probably  followed  the  Wye  Valley. 

Exceptional  Cloud  Conditions, — No.  10  balloon,  sent  up  on  July  20, 
was  lucky  in  escaping  thick  banks  of  composite  cloud  at  a  short  break 
in  the  afternoon.  Its  vertical  velocities  are  unusally  high,  and 
horizontal  velocities  low  over  low  ground  in  the  stratum  between  5000  and 
10,000  ft.  There  was  again  little  wind  in  the  lower  stratum,  but  a 
light  North-west  breeze  in  the  higher.  The  balloon,  however,  after  the 
first  period  follows  the  valleys  with  accuracy.  It  was  picked  up  by 
Mr.  Dines  about  6  miles  south.- east  of  Oxford,  after  having  attained 
a  height  of  67,000  ft,  (Fig.  9). 


Fio.  8. 

Easterly  JVinds. — (i.)  The  balloons  29-31 A  were  sent  up  in  anticyclonic 
conditions  in  September  with  very  light  airs  at  the  earth's  surface.  The 
apparent  effect  of  the  bend  in  the  Wye  and  the  Harewood  watershed  is  to 
form  a  region  in  the  atmosphere  extending  to  great  altitude,  which 
may,  as  regards  the  motion  of  a  particle,  be  compared  to  a  deep  basin 
whose  high  rim  lies  over  the  watershed.  As  will  be  seen  the  balloons 
usually  take  to  the  bottom  of  this  basin  over  the  Wye  at  first,  and  under 
the  influence  of  the  local  breeze  and  their  lifting  forces  move  in  a  spiral 
upwards  approaching  the  rim,  around  which  they  speed  with  increasing 
velocities  until  attaining  a  sufficient  velocity  or  meeting  a  sufficient 
upper  current  to  carry  them  out  of  the  area  (Fig.  9). 
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(ii.)  No.  13  was  sent  up  in  semicjclonic  conditions  on  July  24. 
There  was  a  very  slu^ish  South-east  air  moving  up  the  Wye  basin. 
The  balloon  makes  several  apparent  attempts  to  escape  from  the  "  air- 
basin/'  by  moving  to  either  side  of  it  with  increasing  velocities  over  spurs 
of  the  ground  below.  It  appears  to  fall  suddenly  back  over  its  course 
after  two  such  attempts  with  a  collapse  in  vertical  velocity  at  bottom, 
finally  running  up  the  Hoarwithy  stream  towards  the  high  "  air- 
mountain"  over  the  Aconbury  Hill  with  increasing  velocity  until 
disappearing  in  stratus  at  9000  ft.  (Fig.  9). 

(iii.)  Nos.  35  and  38  were  sent  up  in  cyclonic  weather.  No.  38  follows 
the  Wye  Valley  and  Hoarwithy  stream  with  high  vertical  velocity  and 
decreasing  horizontal  velocity.  The  lowest  velocity  occurs  over  the 
lower  part  of  the  stream.  Unfortunately  the  balloon  burst  when  reaching 
the  higher  slopes  of  the  basin  over  Little  Dewchurch  at  a  height  of 
9000  ft     A  shallow  depression  was  moving  South-east  over  Cornwall 


Fig.  9. 

with  heavy  rain  in  its  front  portion.  It  returned  over  its  track  two 
days  later,  causing  squally  weather.  The  wind  appears  to  be  gradually 
decreasing  in  the  upper  layers,  and  probably  changes  similarly  to  35  at 
the  top  of  the  ridge. 

No.  35  is  especially  remarkable  in  view  of  the  general  cyclonic 
movement,  and  because  its  instmment  record  is  instructive  (see  Figs. 
9,  10). 

The  movement  through  the  "  air-basin  "  to  the  top  of  the  rim  is  very 
slow  and  laborious,  the  balloon  keeping  to  the  valleys  as  long  as  possible, 
and  changing  direction  when  necessary  with  low  vertical  velocity 
(as  in  the  case  of  1 6).  The  rises  and  falls  of  ground  are  in  general  faith- 
fully reflected  by  the  vertical  velocities,  and  the  instrument  record 
corresponds. 

Directly  the  top  is  passed  at  an  elevation  of  19,000  ft,  a  slow 
Northerly  air  is  met  with  blowing  along  the  main  ridge  to  the  south. 
A  depression  at  the  time  was  over  the  Scilly  Islands  moving  south. 
A  light  air  at  this  elevation  was  therefore  moving  along  the  ridge 
towards  the  centre  of  the  depression.     The  balloon,  however,  was  picked 
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up  at  Monmouth,  12  miles  south  of  this  place,  and  the  instrument 
recorded  a  height  of  59,000  ft  The  remarkable  fact  therefore  appears 
that  there  was  practically  no  Easterly  upper  current  on  this  occasion 
up  to  an  enormous  altitude,  and  that  a  very  sluggish  movement  of  the 
whole  upper  atmosphere  was  taking  place  to  the  South  in  the  wake 
of  the  depression. 

The  Aconbury  watershed  clearly  marks  the  general  change  of  wind 
at  an  altitude  of  19,000  ft.,  and  we  may  consider  this  altitude  to  be  near 
the  top  of  a  great  "  air-mountain "  formed  in  these  conditions  by  this 
900  ft.  hill. 

Measwrement  of  Effects, — An  attempt  was  made  to  discover  some 
relationship  between  the  increment  of  vertical  velocity  over  a  hill  and 
other  factors  such  as  the  horizontal  velocity  of  the  wind  and  the  height 
of  the  balloon  above  the  hill. 

Such  a  relationship,  if  it  exists,  is  evidently  a  most  complex  one; 
moreover,  a  difficulty  is  met  with  at  the  start  in  the  absence  of  a  constant 
velocity  to  which  variations  could  be  referred.  In  the  formula  on  page 
31,  the  hydrogen  velocity  depends  on  the  value  of  the  assumed  constant 
/u,  which  can  only  be  determined  approximately  from  the  average  of  a 
large  number  of  observations. 

It  seemed  best  in  any  individual  case  to  refer  variations  to  the 
average  velocity  over  the  run,  provided  the  latter  was  sufficiently  long. 
This,  however,  limits  the  investigation,  and  introduces  the  larger  errors 
accompanying  long  ranges. 

The  averages  were  therefore  worked  out  in  all  cases  and  substituted 
in  the  above  formula,  where  the  approximate  lifting  force  L  was  known. 
The  result  showed  large  variations  in  the  value  of  /x,  but  this  perhaps  was 
in  part  due  to  inaccuracy  caused  by  determining  L  from  the  volume. 

The  variations  in  L  were  also  examined  as  following  from  observed 
variations  of  velocity  from  the  mean,  but  the  cases  in  which  an  original 
value  for  L  was  accurately  known  were  too  few  to  give  any  definite 
results. 

Moreover,  owing  to  the  low  conductivity  of  the  rubber  it  appeared 
from  experiment  probable  that  the  relative  density  p  is  by  no  means 
constant,  fluctuations  in  temperature  of  the  air  being  communicated  to  the 
hydrogen,  but  relatively  slowly. 

The  velocity  variations  of  six  balloons  passing  on  different  days  over 
the  same  locality,  viz.  the  Valley  of  the  Wye  and  How  Caple  ridge,  were 
however  compared,  with  the  following  approximate  results  : — 


Increases. 

1907. 

No. 

Size. 

Period 
of  time. 

Min. 

Rise  in 
ground. 

Ft. 

Balloon  heighte. 
Ft 

Percentage 
to  V.  V. 

Percentage 
to  H.  V. 

Sept  4     . 

.     20 

2  ft. 

21 

800 

7500-10,500 

162 

65 

M      6     . 

.     26 

1  m. 

3-4 

400 

6250-    8500 

56 

109 

^"     ^     • 

.     26a 

a 

4-2 

500 

7000-    9000 

106 

120 

Oct    2     . 

.     34 

im. 

1-4 

400 

4800-    5500 

89 

112 

n      13      . 

.     89 

f  > 

1-8 

400 

7000-    8000 

240 

107 

„    16     . 

.     40 

)l 

3-3 

400 

7000-11,000 

350 

250 

No.  40  is  a  balloon  in  which  the  average  is  spread  out  over  a  greater 
distance  than  in  the  other  cases.  But  it  is  also  one  sent  up  in  more 
definite  and  deeper  cyclonic  conditions. 
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An  average  increase,  then,  in  horizontal  velocity  of  South-west  wind 
over  How  Caple  ridge  at  this  bend  may  be  roughly  set  down  at  about 
100  per  cent  normal  conditions. 

The  average  increase  in  vertical  velocity  is  evidently  a  very  variable 
quantity  depending  on  many  conditions;  and  a  much  larger  number 
of  observations  must  be  taken  to  discover  any  relation  between  these. 

Comparison  of  Velocities  with  Temperature  Gradients. — ^The  general  rule 
in  the  atmosphere  appears  to  be  that  the  steeper  the  temperature  gradient 
the  less  velocity  of  the  wind,  and  vice  versa.  It  may,  however,  be 
doubtful  if  this  general  law  applies  to  any  particular  .or  sudden  local 
variation  of  wind  velocity,  ie.  when  the  atmosphere  is  not  free.  It  is  of 
interest,  however,  to  compare  the  instrument  records  of  temperature  with 
the  wind  velocities  found  by  the  theodolite  at  various  heights  in  such  few 
cases  as  were  available. 

No.  10  balloon  differed  from  others  in  its  temperature  gradients 
owing  to  cloudy  conditions. 

The  balloons  19,  24,  and  35  were,  however,  sent  up  on  fairly  clear 
evenings. 

The  velocities  of  No.  19  in  West  to  North-west  wind  have  already 
been  noted  as  exceptional. 

An  examination  of  the  temperature  gradient  shows  that  it  runs 
parallel  with  the  velocity  variations  (see  Fig.  6). 


35     3fA 


OCT   IS 


Fio.  10. 

The  initial  decrease  of  temperature  (1500-5000  ft.)  is  very  rapid, 
with  low  horizontal  velocity  and  roughly  normal — but  increasing- 
vertical  velocity.  From  5000  to  8000  ft.  there  is  a  sudden  check  in 
decrease  of  temperature  almost  amounting  to  an  inversion ;  the  vertical 
velocity  gives  the  extraordinary  jump  already  noticed,  and  the  horizontal 
velocity  rises  from  12  to  24  miles  an  hour.     From  8000  ft.  to  about 
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10,000  ft.  the  temperature  falls  rapidly,  the  vertical  velocity  almost 
colhipses  whilst  the  horizontal  velocity  sinks  low  at  first,  but  increases 
rapidly  at  about  the  10,000  ft.  level. 

The  balloon  now  disappears  in  stratus  cloud  lying  just  over  the 
watershed.  The  temperature  gradient,  however,  is  suddenly  checked. 
This  check  may  be  due  to  the  cloud,  but  coincides  with  the  ridge  over 
which  high  velocities  would  be  expected,  moreover  the  temperature 
.again  falls  rapidly  at  a  later  period  corresponding  with  lower  ground  and 
lower  velocities  beyond. 

An  examination  of  Nos.  24  and  35  shows  a  similar  correspondence  of 
temperature  and  velocity  gradients  (see  Figa  7,  10). 

The  case  of  35,  however,  is  unusual  because  the  horizontal  velocity  is 
throughout  the  track  low.  The  gradient  of  track  is  steep,  the  vertical 
velocity  nowhere  extreme,  but  varying  according  to  the  ground.  The 
temperature  gradient  thus  follows  the  variations  of  vertical  velocity  and 
the  ground. 

These  isolated  cases  are,  no  doubt,  insufficient  to  deduce  any  con- 
clusion, but  they  do  point  to  a  correspondence  of  temperature  gradient 
and  local  velocities.  That  the  temperature  should  decrease  at  a  less  rate 
the  faster  the  balloon  rises  seems  difficult  to  account  for,  unless  greater 
radiation  effects  or  an  actual  convection  current  is  taking  place  over  the 
locality  where  this  occurs. 

Gradients  of  Track. — The  ratio  of  vertical  velocity  to  horizontal  velocity 

V  V 
obviously  depends  on  the  slope  of  the  track,  ie.  tan  B  =  j|^y'  where  B  is 

the  angle  of  slope. 

Now,  it  appears  that  a  maximum  value  for  B  usually  occurs  at  some 
distance  from  a  hill  on  its  windward  side,  and  this  is  noticeable  in  the 
exceptions  as  well  as  in  the  rule.  The  maximum  is  followed  by  a 
minimum  over  or  just  before  the  high  up  slopes  of  the  hill,  whilst  over 
the  top  and  just  beyond,  the  slope  again  increases.  The  vertical  velocity 
and  horizontal  velocity  vary  respectively  in  direct  and  inverse  proportion, 
the  maximum  value  for  both  velocities  occurring  at  the  outflow  over  the 
hill.  The  balloon,  in  fact,  takes  a  jump  up  at  some  preceding  point, 
often  a  lower  ridge,  rising  sufficiently  apparently  to  cross  the  valley  area. 
This  preliminary  rise  at  lower  elevation  is  sometimes  carried  out  with 
a  slow  spiral  motion. 

It  then  performs  a  slow  swoop  with  downward  tendency  over  the 
valley  till  near  the  steep  slope  of  the  hill,  when  it  rushes  up  and  out 
over  the  top  with  upward  tendency  at  first  and  greatly  increased  velo- 
cities. 

Variations  of  Pressure. — The  law  suggested  for  the  free  atmosphere  by 
Clayton  and  Egnell  (Vd  =  constant)  does  not  strictly  apply  to  sudden 
local  variations. 

In  these  cases,  as  is  well  known  in  the  case  of  cyclones  and  anti- 
cyclones, the  velocity  of  the  wind  depends  largely  on  the  barometric 
gradient,  i.e.  on  the  relative  rate  of  increase  or  decrease  of  the  pressure. 

If,  therefore,  it  is  true  that  a  hill  increases  the  velocity  of  wind  blow- 
ing over  it  and  a  valley  decreases  this  velocity,  it  seems  possible  that  a 
valley  increases  the  pressure  and  a  hill  decreases  it  throughout  the  strata 
in  which  the  effect  was  observed.     The  isobaric  surfaces  would  be  raised 
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-  over  the  valley  and  depressed  over  the  hill,  in  section  appearing  as  in- 
verted basins  and  hills  respectively,  whilst  in  plan  following  the  features 
of  the  ground.  The  terms  "  air-basin,"  "  air-mountain,"  etc.,  could  only 
therefore  be  used  with  this  significance.  It  also  appears  that  the  actual 
fluctuation  in  the  pressure  might  be  minute,  yet  as  it  occurred  in  a 
short  relative  space  the  barometric  gradient  would  be  suddenly  and 
sharply  affected,  causing  sudden  accelerations  to  total  velocity  and  to 
both  vertical  and  horizontal  components. 

Horizontal  deflection  of  a  current  moving  rapidly  across  these 
localities,  under  independent  general  forces,  might  not  be  great  except 
under  favourable  conditions.  The  tendency  of  motion  laterally  along 
the  isobars  might  be  replaced  by  a  motion  vertically,  as  appears  the  case 
near  the  centre  of  a  cyclone. 

fTater  Analogy. — The  atmosphere  does  not  present  a  case  strictly 
analogous  to  a  stream  of  water,  because  it  is  a  compressible  mixture  of 
gases  thinning  off  into  space  with  no  known  upper  surface. 

As  Mr.  Froude  points  out,  in  a  stream  of  water  passing  over  a  rocky 
bottom,  swirls  or  eddies  are  produced  at  the  bottom  with  vortex  motion 
extending  upwards  for  a  certain  height  in  the  liquid. 

At  the  surface,  if  the  depth  is  not  too  great,  an  undulation  takes 
place,  the  level  being  raised  just  before  the  point  of  a  rock,  depressed 
just  over  it,  and  raised  just  beyond. 

The  differences  of  pressiu-e  are,  in  fact,  transmitted  through  the  body 
of  the  liquid  to  its  upper  surface,  there  causing  an  undulation  under  the 
influence  of  gravity. 

May  we  not  suppose,  then,  that  a  similar  process  takes  place  in  a 
moving  body  of  air  passing  over  valleys  and  hills,  and  that  a  mechanical 
action  due  in  part  to  obstruction  at  the  bottom  causes  variations  of 
pressure  which  are  transmitted  through  the  body  of  the  atmosphere  to 
its  distant  confines  ? 

And  further  that,  without  much  horizontal  deflection  (except  near 
the  earth's  surface),  particles  of  air  moving  at  great  elevation  in  a 
general  current  over  these  disturbances,  affected  also  by  differing  radia- 
tion effects  or  actual  convection  currents  over  the  hills,  would  be  accele- 
rated and  retarded  with  large  upward  or  downward  components  of 
motion. 

Is  it  not  also  possible  that  an  area  is  often  formed,  say  by  a  super- 
imposed current,  presenting  something  analagous  to  a  surface  in  the  case 
of  water,  where  condensation  takes  place  in  a  cloud  form  presenting  in 
visible  shape  the  reflections  of  hill  and  valley  disturbances  many  thousands 
of  feet  below  ? 

If  these  observations  are  in  the  main  correct,  the  suspicion  is 
justified  that  the  vertical  velocity  of  a  balloon  travelling  upwards 
through  the  lower  and  middle  atmosphere  is  by  no  means  a  uniform  one, 
and  it  appears  that  there  are  sudden  fluctuations  in  both  vertical  and 
horizontal  velocities  of  wind  which,  though  vanable  in  different 
conditions,  are  mainly  of  a  permanent  nature,  due  to  the  shape  of  the 
earth's  surface. 

The  measurement  of  these  effects  can  be  carried  out  by  balloons  and 
special  theodolites,  and  a  topography  of  the  air  made  in  any  locality, 
which,  studied  in  conjunction  with  the  records  of  the  instruments  carried 
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and  with  relation  to  general  atmospheric  conditions,  presents  a  field  of 
research  of  fascinating  interest  and  of  great  possibilities. 


Note. 

ExplancLtion  of  Diagrama. — The  following  scales  apply  to  the  printed 
diagrams : — 

Horizontal  scale  for  Plans 4  miles  =  1  inch. 

,,  t,      ,,  Sections ^    m  =1    i* 

Scale  for  Ground  Heights  about  0*4     ,,  =1    »i 

„     „   Balloon      „  2    „  =1    „ 

,,     ,,   Vertical  Velocities  ....      about  ^m.  per  min.  =1    ,, 

The  vertical  velocities  are  written  in  the  parallelograms  over  the 
balloon  tracks,  and  are  in  feet  per  minute.  The  horizontal  velocities 
are  written  underneath  the  balloon  tracks,  and  are  in  miles  per  hour. 
The  temperature  gradients,  where  an  instrument  was  carried,  appear 
under  the  horizontal  velocities. 


Addendum. 

A  further  test  as  to  the  accuracy  of  the  method  for  range-finding  has 
more  recently  been  applied.  On  January  11,  1908,  a  mark  consisting  of 
an  upright  board  tapered  at  the  ends,  3|  feet  high  and  10  inches  broad, 
was  erected  on  the  top  of  one  of  the  Welsh  hills  to  the  south-east  of  Bangor. 
On  the  12th,  Professor  Orton  and  I  each  took  5  momentary  readings 
of  the  angle  subtended  by  this  board  at  an  observing  point  at  Bangor, 
without  recalibration  of  the  cross-threads.  The  cross-threads  were  then 
cleaned  and  recalibrated,  the  new  values  of  the  constants  differing  by 
4  seconds  from  the  original  ones.  On  the  13th  I  repeated  the  observa- 
tions. 

The  horizontal  ranges  were  then  calculated  from  the  mean  of  each 
series  and  from  the  observed  altitude,  and  compared  with  the  actual 
range  as  measured  accurately  on  a  1-inch  Ordnance  Map. 

The  following  tabular  statement  shows  the  results  : — 

January  12.     Orton.  Lvy.  Janu4iry  18.     Ley. 

22    sees.  20i  sees.  20^  sees. 

21i     „  21       „  21i     „ 

21i     .,  21       „  21       „ 

21i     „  204     „  21       „ 

22     .„  204     „  21       „ 

Average         .         21-8    „  207    „  21       „ 

(Elevation  +3' 69') 

Calculated  Range    5*80  miles  6'11  miles  6*03  miles 

Map  „        6-18    ,, 

Error  per  cent  •       6*1  1*1  2*4 

The  observation  of  a  narrow  rectangular  object  is  more  difficult  than 
that  of  a  circular  area ;  moreover,  the  difficulties  caused  by  shimmer  due 
to  varying  refraction  at  such  a  low  angle  of  elevation  are  greater  than 
those  occurring  at  normal  balloon  altitudes. 
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DISCUSSION. 

Mr.  C.  J.  P.  Cave  remarked  that  he  was  somewhat  disconcerted  at  the 
results  of  Captain  Ley's  observations.  He  himself  had  made  a  large  number  of 
observations  of  pilot  balloons  by  the  one  theodolite  method,  assuming  the  rate  of 
ascent  to  remain  constant ;  Captain  Ley's  observations  seemed  to  show  that  the 
rate  of  ascent  was  far  from  uniform.  But  if  there  is  an  upward  current  over  a 
hill  there  must  be  a  downward  current  beyond  it,  and  the  one  theodolite  method 
probably  gives  a  fair  idea  of  the  direction  and  velocity  of  the  wind  if  average 
values  are  taken,  though  any  single  observation  might  be  unreliable.  One  may 
frequently  see  the  effect  of  an  upward  current  over  a  hill  in  the  cloud  capping 
it  j  he  had  seen  a  good  example  in  the  Isle  of  Wight,  where  the  clond  formed 
an  outline  of  tlie  hill,  and  extended  to  about  three  times  the  height  of  the  hill. 
From  some  of  the  records  of  the  International  Commission  of  Scientific 
Aeronautics,  it  would  seem  that  when  a  balloon  gets  into  a  warmer  stratum  its 
ascensional  velocity  diminishes,  which  is  contrary  to  Captain  Ley's  observations. 

Mr.  TV.  W.  Bryant  said  that  he  had  been  much  interested  in  Captain  Ley's 
paper,  but  to  one  in  the  habit  of  using  a  micrometer  for  measuring  small  objects 
it  is  not  easy  to  admit  the  advantages  of  the  suggested  arrangement  in  place  of  a 
micrometer.  Fitting  in  the  balloon  in  the  intermediate  sections  seems  open  to 
considerable  uncertainty,  though  at  the  intersections  it  would  be  easier.  With 
practice,  however,  he  thought  one  could  get  fairly  good  results,  and,  as  Captain 
Ley  said,  this  is  the  best  form  of  several  he  has  tried.  He  (Mr.  Bryant)  was 
prepared  to  admit  that  he  ought  to  know  best  about  this  particular  form  of  obser- 
vation. One  or  two  other  points  he  would  mention.  As  the  density  of  the  air 
decreases  with  the  height^  one  would  expect  the  effect  of  a  range  of  hills  on  the 
successive  **  level "  surfaces  upwards  in  the  air  to  1?e  considerably  exaggerated,  so 
that  an  effect  at  a  height  many  times  greater  than  that  of  the  hill  seems  quite 
reasonable.  The  fact  that  it  is  not  exactly  an  ascending  current,  but  a  bend  in 
the  stratum,  so  to  speak,  would  lead  one  in  such  a  case  to  accept  as  quite  natural 
the  slow  decrease  in  temperature  with  greater  ascensional  velocity  which  Captain 
Ley  seems  to  find.  On  this,  however,  he  (Mr.  Bryant)  could  not  claim  to  speak 
with  any  authority,  so  perhaps  somebody  would  correct  him.  As  he  was  allowed 
to  see  the  large  map  on  which  the  tracks  were  laid  down,  and  as  he  was  bom  in 
sight  of  the  Malvern  Hills,  May  Hill  being  also  a  familiar  landmark  of  the  neigh- 
bourhood, he  was  particularly  interested  to  notice  that  one  of  the  largest  tracks 
(No.  22)  ended  just  over  his  native  village. 

Capt.  A.  Carpenter,  R.N.,  wished  to  confirm  the  remarks  as  to  the  effect  of 
an  uneven  bottom  to  a  stream  causing  disturbances  at  the  surface.  It  was  well 
known  to  navigators  that  where  there  was  a  strong  current  in  a  confined  channel 
overfjGdls  occurred  at  the  surface  above  obstacles  that  might  be  as  much  as  15  or 
more  fathoms  deep. 

Dr.  W.  N.  Shaw  remarked  that,  so  far  as  he  knew,  there  was  no  precedent 
with  which  to  compare  Captain  Ley's  results.  This  circumstance,  while  adding 
to  the  interest  of  the  paper,  also  added  to  the  di£Bculty  of  grasping  the  precise 
meaning  of  the  results.  He  thought  there  had  been  a  little  temptation  to  jump 
to  the  conclusion  that  the  increase  of  the  velocity  over  a  hill  must  be  due 
to  vertical  velocity  in  the  atmosphere  caused  by  the  hill.  In  flowing  water 
there  certainly  was  a  variation  in  the  surface  motion  when  a  deep  current  ran 
over  an  obstacle,  but  the  vertical  velocity  of  the  balloon  was  due,  in  the  first 
place,  to  the  difference  of  density  of  the  balloon  and  surrounding  air,  and  it  was 
too  soon  to  say  definitely  that  the  acceleration  of  the  balloon  in  the  atmosphere 
represented  the  effect  of  the  hill  upon  the  motion  of  the  air,  and  to  put  all  the 
observed  difference  upon  the  vertical  velocity  of  the  air  without  inquiring  into 
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changes  of  density.  The  conclusion  would  be  more  nearly  justified  if  the 
temperature  gradient  was  found  to  increase  when  the  vertical  velocity  increased, 
and  not  to  diminish.  When  no  cloud  is  formed,  air  with  an  upward  motion  is 
cooling  at  1**  C.  per  100  metres.  This  is  the  maximum  rate  of  decrease  in 
temperature,  and  the  balloon  carried  upward  by  a  rising  current  without  cloud 
ought  to  show  it.  A  balloon  in  the  upper  regions  might  be  expected  to  show 
less  temperature  gradient  if  the  air  was  not  rising.  To  a  certain  extent  the 
absence  of  this  contrast  is  evidence  to  the  contrary  of  the  suggestion  that  the 
effects  noticed  are  due  to  the  vertical  movement  given  to  the  atmosphere  by  the 
obstacles  of  the  surface.  He  would  be  glad  if  Captain  Ley  would  continue  these 
observations,  testing  them  by  repetition  under  different  circumstances. 

Another  point  to  be  noted  was,  that  the  method  itself  must  be  a  great  i>train 
upon  the  observing  capacity.  A  telescope  is  incapable  of  producing  a  ])oint  as 
an  image  of  a  point,  if  the  distance  of  the  object  exceeds  that  corresponding  to  the 
resolving  power  of  the  telescope.  The  condition  that  the  telescope  should  pro- 
duce an  image  is,  that  the  angle  which  the  object  subtends  at  the  centre  of  the 
object  glass  is  not  less  than  that  which  the  wave  length  of  light  subtends  at  the 
distance  of  the  aperture  of  the  object  glass.  Beyond  that  distance  diffraction  begins 
to  interfere  with  the  formation  of  a  true  image.  With  a  metre  balloon  at  a  dis- 
tance of  10  kilometres  you  have  got  an  angle  of  ixj-^ttt^  part  of  a  radian  about  the 
same  angle  as  the  wave  length  of  sodium  light  subtends  at  a  distance  of  2  inches. 
This  is  close'up  to  the  limit  of  observation  with  the  telescope  of  a  theodolite,  and 
it  was  therefore  desirable  to  verify  the  accuracy  of  the  method.  One  easy  way 
of  testing  was  to  observe  the  apparent  size  of  a  sixpence  at  200  metre.s.  This 
subtends  the  same  angle  as  a  metre  balloon  at  10  kilometres.  They  could  thus 
find  to  what  degree  of  accuracy  they  could  measure  a  distance  by  Captain  Ley's 
method.  The  measurements  could  also  be  tested  by  observations  with  two  theo- 
dolites. He  felt  justified  in  asking  Captain  Ley  for  some  such  elaboration  in 
order  to  give  them  the  degree  of  accuracy  of  the  measurements  somewliat  more 
in  detaiL 

Mr.  W.  Marriott  said  he  had  been  much  interested  in  Captain  Ley's  paper. 
His  observations  seemed  to  throw  considerable  light  on  the  formation  of  clouds. 
A  cloud  would  sometimes  ,be  formed  without  any  apparent  cause,  but  would 
probably  be  the  result  of  an  upward  current  induced  by  the  configuration  of 
the  ground.  Possibly  the  President  could  tell  them  what  the  rainfall  was  in 
the  neighbourhood  of  hills.  After  referring  to  the  heavy  rainfall  at  Seathwaite, 
Mr.  Marriott  showed  some  lantern  slides  to  illustrate  the  influence  of  hills  on 
clouds.  He  also  referred  to  some  special  forms  of  clouds,  as  the  helm  bar  in 
the  neighbourhood  to  Crossfell,  Cumberland,  and  the  cloud  sometimes  formed 
over  the  Lion's  rump  at  Cape  Town.  When  staying  at  Malvern  one  day  last 
summer,  he  had  watched  the  clouds  coming  over  the  Malvern  Hills  ;  they 
seemed  to  come  round,  then  almost  to  disappear,  and  subsequently  to  re-form. 
Probably  this  was  due  to  the  phenomenon  explained  by  Captain  Ley. 

Mr.  E.  S.  Bruce  remarked  that  he  considered  it  important  to  both  the 
sciences  of  meteorology  and  aeronautics,  to  map  out  in  this  way  all  the  various 
currents  and  disturbances  of  the  air.  These  observations  would  be  of  the  most 
extreme  importance,  preliminary  to  aeroplane  voyages,  as  pointing  out  the 
dangerous  places.  In  the  case  of  uprushes  of  air  over  hilly  districts  a  balloon 
would  not  be  seriously  affected  where  an  aeroplane  would  probably  be  upset. 

The  President  (Dr.  H.  R.  Mill)  said  that  the  action  of  air  passing  over 
a  hill  in  producing  an  increase  in  the  amount  of  rainfall  hardly  led  him  to 
the  same  conclusion  as  that  arrived  at  by  Mr.  Marriott.  If  these  tremendous 
uplifts  really  occurred,  the  cause  would  be  much  too  great  for  the  comparatively 
moderate  effect,  as  far  as  rainfall  was  concerned.  He  would  like  to  see 
experiments  tried  in  some  place  where  there  was  a  very  much  greater  elevation 
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of  the  earth's  crust  than  near  Hereford.  The  valley  of  the  Eden  would  be 
most  suitable,  as  the  escarpment  of  the  Crossfell  range  was  the  most  continuous 
and  highest  mountain  wall  in  England,  and  rising  as  it  did  east  of  the  plain, 
the  position  was  eminently  adapted  for  such  observations,  as  a  balloon  sent  up 
on  the  western  margin  of  the  Eden  valley  would  almost  certainly  drift  over  the 
Crossfell  range.  Meanwhile  suspending  judgment  on  the  matter,  he  would 
invite  Captain  Ley  to  reply  to  the  remarks  which  had  been  made. 

Capt  C.  H.  Let,  in  reply,  said  that  Mr.  Bryant  had  suggested  using  other 
forms  of  micrometer.  He  had,  however,  after  experience  come  to  the  conclusion 
that  one  would  require  three  hands  to  use  any  usual  form  of  micrometer  whilst 
keeping  the  balloon  in  the  required  position  in  the  field  of  the  telescope. 

With  regard  to  Dr.  Shaw's  remarks  he  had  not  meant  to  assert  that  a  check 
in  temperature  gradient  was  necessarily  due  to  an  ascending  current  of  warm 
air,  but  rather  to  suggest  this  explanation  as  a  possible  one  in  certain  cases.  He 
thought  that  it  was  too  early  to  come  to  a  conclusion  on  this  point.  Regarding 
the  optical  question  it  might  be  perfectly  true  that  a  2-inch  object  glass  could 
not  resolve  two  points  of  light  less  than  2^  seconds  apart.  To  distinguish 
between  a  circular  area  of  20  seconds  in  diameter  and  one  of  22^  seconds 
diameter  with  such  an  aperture  was,  however,  he  suggested,  an  entirely  diflFerent 
proposition.  From  experience  he  felt  certain  that  the  difference  between  a  20- 
second  area  and  a  21 -second  area  could  be  fairly  easily  made  out  To  take 
a  parallel  illustration,  it  was  much  harder  for  the  eye  to  distinguish  clearly  the 
edge  of  the  narrow  part  of  a  church  steeple  near  its  high  point,  than  to  appreciate 
the  edge  lower  down  where  there  was  a  broader  mass  of  the  building. 

With  reference  to  Dr.  Shaw's  desire  for  further  details  of  the  tests  applied, 
the  figures  for  the  Flag  Tests  are,  with  the  detailed  tables,  now  in  the  Society's 
office.  Tests  as  to  ranges  of  distant  fixed  objects  of  known  size  were  made  in 
September,  but  this  was  before  any  idea  of  plotting  the  tracks  was  entertained, 
and  no  record  was  kept.  Moreover,  the  objects  were  of  a  comparatively  large 
size,  subtending  angles  of  one  minute  or  more,  and  great  comparative  accuracy 
was  therefore  obtained.  The  constant  values  for  the  crosa-threads  were  obtained 
by  measurements  of  known  black  circles  at  a  known  distance,  so  frequently 
carried  out  with  the  same  instrument  by  him  and  others  that  the  personal 
errors  were  thoroughly  known,  and  the  doubt,  that  there  would  not  be  relative 
accuracy  in  one  set  of  observations  by  the  same  person  on  fixed  objects  in  clear 
conditions,  was  never  entertained. 


"  Dust  Devil." 

In  the  Report  of  the  Surveyor-General  of  Ceylon  for  1905  there  is  an 
account  of  an  unusually  good  specimen  of  what  is  popularly  known  in  the  East 
as  a  "  dust  devil,"  which  was  observed  by  Mr.  J.  B.  M.  Ridout  of  the  Survey 
Department,  Colombo.  His  description  is  as  follows  : — *'  It  was  about  1 2.30 
p.m.,  and  I  was  at  the  corner  of  this  block  opposite  the  Fort  station  when  I  first 
saw  it.  It  was  then  to  the  north  side  of  Norris  Road,  just  on  the  Fort  side  of 
the  Racquet  Court,  the  appearance  it  presented  being  a  rough  vertical  column  of 
dust  about  30  ft.  high,  perhaps  4  ft.  in  diameter  at  the  top  and  where  it  touched 
the  ground,  and  8  ft.  at  a  height  of  3  ft.  from  the  ground.  It  was  revolving 
rapidly  in  the  reverse  direction  to  the  hands  of  a  clock  when  looked  at  from 
above.  It  lasted  about  three  minutes,  and  moved  along  the  road  in  the  direction 
of  the  Fort,  finishing  in  the  corner  at  the  north-east  end  of  the  Fort  station, 
where  the  posts  carrying  the  telephone  wires  are.  It  was  then  about  40  ft. 
high,  being,  except  just  at  the  bottom,  in  the  form  of  a  column  about  2  ft.  in 
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diameter  with  perfectly  smooth  sides,  and  at  the  top  the  dust  was  rising  just  like 
the  smoke  from  a  chimney.  It  was  still  perfectly  vertical  except  the  top  10  ft. 
or  so,  which  were  inclined  to  the  south.  At  the  hottom  it  bulged  out,  being 
about  3  ft.  in  diameter  where  it  touched  the  ground,  and  4  or  5  ft.  at  3  ft. 
higher  ;  in  fact,  the  whole  column  was  in  shape  very  much  like  the  glass  of  an 
enormous  thermometer.  At  the  end  of  the  Fort  station  it  disappeared.  Whether 
the  currents  of  air  were  broken  by  the  roof  of  the  station,  the  tree  and  the  tele- 
phone posts,  or  whether  it  faded  away  because  there  was  no  dust  on  the  railway 
line  for  it  to  pick  up,  I  do  not  know  ;  but  I  am  inclined  to  think  that  the 
former  is  more  probable,  as  I  went  at  once  on  to  the  railway  platform,  but  was 
unable  to  detect  any  disturbance  either  on  the  permanent  way  or  on  the  surface 
of  the  lake.  I  should  have  gone  to  see  what  sort  of  a  track  had  been  left  on  the 
road,  but  could  not  as  my  train  was  due. 

"The  wind  at  the  time  was  practically  nil^  what  little  there  was  being 
North-east." 

Penalty  for  Gounterfeiting  Forecasts. 

The  Agricultural  Appropriation  Bill  for  the  fiscal  year  ending  June  30, 1906, 
(Statutes  at  Large^  voL  xxxiii.  part  1),  contained  the  following  legislative  item  ; — 

Any  person  who  shall  knowingly  issue  or  publish  any  counterfeit  weather 
forecast  or  warnings  of  weather  conditions,  falsely  representing  such  forecasts  or 
warnings  to  have  been  issued  or  published  by  the  Weather  Bureau,  or  other 
branch  of  the  Government  service,  or  shall  molest  or  interfere  with  any  weather 
or  storm  flag  or  weather  map  or  bulletin  displayed  or  issued  by  the  United 
States  Weather  Bureau,  shall  be  deemed  guilty  of  a  misdemeanor,  and  on  con- 
viction thereof,  for  each  offence,  be  fined  in  a  sum  not  exceeding  five  hundred 
dollars,  or  be  imprisoned  not  to  exceed  ninety  days,  or  be  both  fined  and 
imprisoned,  in  the  discretion  of  the  court  (See  Act  of  Congress  approved 
March  3,  1905.)— CT^iS.  Monthly  Weather  Reinew,  June  1907. 

Memorial  of  a  Wet  Summer. 

The  Rev.  Frederick  Ackerley  gives,  in  a  recent  number  of  Notes  and  Queries, 
an  account  of  an  upright  stone  pillar  which  was  erected  (by  a  person  of  the  name 
of  Harrison)  some  twenty-five  years  ago  to  commemorate  a  very  wet  period. 
It  stands  in  a  field  adjoining  Brows  Farm  in  Grindleton  (in  the  West  Riding  of 
Yorkshire),  and  was  put  up  as  a  memorial  of  a  wet  summer,  when  the  rain  fell 
every  day  for  thirteen  weeks  in  succession. 

The  Greatest  Height  reached  by  a  Ballon-Sonde. 

A  balloon  sent  up  by  the  Meteorological  service  of  Belgium,  on  September 
5,  1907,  holds  the  record  for  greatest  height     This  balloon,  starting  from  the 
Uccle  Observatory  at  6.58.30,  reached  a  height  of  86,270  ft.,  or  16  miles,  at 
7.53.31.     The  barometric  pressure  at  this  point  was  only  0*67  inch. 
Previous  to  this  the  more  memorable  ascents  were : — 

1906,  May  3,  at  Strassburg     .  .  79,400  feet 

„      June  7,  at  Milan  ....         78,085    „ 
„      November  8,  at  Paris     .         .  .  78,380    „  • 

A  balloon  sent  up  by  the  Meteorological  Service  of  Belgium  on  July  24, 
1907,  reached  a  height  of  69,350  ft 

In  the  AnniMire  Met^ologique  for  1907  there  will  be  found  an  interesting 
article  by  M.  J.  Vincent  on  "The  Ascents  of  Ballons-sondes  in  Belgium" 
(with  figures  aud  maps). 
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INDICATIONS  OF  APPROACHING  FROST. 

By  RICHARD  STRACHAN,  F.RMetSoc. 

[Read  December  18,  1907.] 

The  Quarterly  Joui-nal  of  the  Royal  Meteorological  Society  for  April  1906 
may  be  cited  as  showing  the  connection  of  meteorology  with  the 
affairs  of  everyday  life.  Mr.  F.  Druce  has  said  that  "the  people 
of  this  country  should  wake  up  and  get  some  means  of  foretelling 
destructive  frost "  j  and  two  past  Presidents  of  the  Royal  Meteorological 
Society  have  remarked,  Mr.  E.  Mawley  "that  our  fruit- crops  are 
greatly  at  the  mercy  of  late  spring  frosts,"  and  Mr.  R  Bentley  "  that 
it  would  be  of  immense  value  if  accurate  forecasts  of  frosts  in  the  spring 
months  could  be  established  in  this  country." 

There  can  be  no  doubt  of  the  importance  to  horticulturists,  and 
agriculturists  generally,  of  being  able  to  foresee  the  coming  on  of  frost  or 
hoarfrost.  Every  one  recognises  this  when  consideration  is  given  to  the 
havoc  wrought  by  frost  on  unprotected  crops  and  plants.  Frosts  in 
spring,  even  in  June  and  occasionally  in  July,  in  England  cause  much 
loss  or  depreciation  of  fruits  and  plants.  Mr.  J.  Glaisher,  in  Hughes's 
Fourth  Reading  Book,  1855,  wrote  :  "In  calm  and  clear  nights  a  terrestrial 
radiation  thermometer  may  read  less  than  32°  in  every  night  of  the 
year " ;  and  added :  "  The  greater  coldness  of  grass  than  that  of  air  in 
clear  and  calm  weather,  in  places  sheltered  from  the  sun  but  open  to  a 
considerable  portion  of  the  sky,  may  continue  all  day  as  well  as  all 
night."  Mr.  R.  H.  Scott,  in  his  Elementary  Meteorology,  states:  "A 
knowledge  of  the  dewpoint  in  the  evening  enables  them  [gardeners  and 
others]  to  form  a  fair  estimate  of  the  probable  minimum  temperature  on 
the  grass  during  the  night  If  the  dewpoint  be  found  to  be  above  32° 
they  need  not  fear  that  hoarfrost  will  occur;  but  if  it  be  below  32°  it  is 
advisable  to  cover  up  delicate  plants  for  fear  of  their  being  nipped  if 
the  sky  should  clear  before  sunrise."  This  hardly  goes  far  enough,  for  a 
thermometer  on  grass  may  fall  many  degrees  below  a  dewpoint  which  is 
much  above  32° ;  just  what  happens  in  the  warm  months  occasionally. 

That  this  teaching  is  not  sufficient  the  following  instances  will  render 
evident  They  are  from  the  Greenwich  Observations  for  the  year  1902.  The 
daily  means  for  the  dewpoint  occur  in  the  early  morning  and  evening,  so 
that  they  may  here  be  taken  for  evening  observations ;  and  the  minimum 
temperature  on  grass  during  the  night  is  taken  the  following  morning, 
with  the  state  of  the  sky  in  the  interval,  as  follows  : — 


Dewpoint 


Giiiss. 


January   4 

467 

29-0,  be 

6 

36-4 

29-0,  „ 

12 

48-2 

27%  „ 

18 

32-8 

18-5,  hoarfrost,  cb 

17 

40-3 

20-4,  slight  fog 

28 

44-5 

29-6,  be 

24 

37-9 

25-2,  hoarfrost,  mist 

27 

88-1 

27-6,  be,  r 

28 

36-7 

22*5,  hoarfrost,  b 

July        11 

44-5 

30*8,  heavy  dew,  b 

These  dewpoints  being  above  32°  do  not  indicate  proximate  frost 
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unless  the  sky  becomes  clear  during  the  night;  if  the  sky  continues  overcast 
there  will  be  no  frost  the  next  morning ;  but  the  grass  temperatures  all 
show  that  there  must  have  been  frost  during  some  portion  of  the  night. 
On  June  8,  .1906,  the  mean  temperature  was  55'''4,  next  morning  the  grass 
was  29°,  the  sky  having  been  very  clear  dui*ing  the  night 

Accumulating  facts,  co-ordinating  them,  and  drawing  inferences  is  the 
inductive  method  of  science.  What  has  been  said  is  borne  out  by  a  study 
based  on  the  observations  of  the  entire  year  1902  : — 


Mean  Temperature. 

1902. 

Air  at  9  p.m. 

Wet-bulb  at  9  p.m. 

On  Grass. 

January     . 

.     41-6 

39-9 

81^-1 

February  . 

.     85  1 

33-8 

261 

March 

.     44-1 

41-9 

31  1 

April 
Miy 

.     45-8 

42-7 

28-8 

.     47-7 

45-6 

33-0 

June 

.     55-9 

68-2 

41  0 

July 

.     59-4 

65-2 

43-4 

August 

.     57-9 

55-6 

44-7 

September 

.     53-9 

5-2  0 

39-7 

October     . 

.     48-7 

46-9 

37  1 

November . 

.     43-7 

42-5 

38  0 

December  . 

.     40-8 

39-0 

83  1 

The  dewpoint  may  be  easily  inferred  from  the  depression  of  the  wet- 
bulb  ;  and  it  will  be  seen  that  the  grass  was  colder  than  the  dewpoint 
in  every  month.  However,  this  exposition  does  not  assist  prevision  of 
frost.  Investigating  the  subject  from  a  daily  point  of  view  may  be  more 
hopeful.  This  may  be  set  forth  as  follows,  under  the  same  headings, 
with  addition  of  weather  notations  for  the  interval  of  night : — 


Air  at  9  p.m. 

Wet-bulb  at  9  pi  m. 

On  Grass. 

April  30 

50**-l 

451 

29-0,  op 

May      1 

40-6 

39-2 

27-0,  cp 

3 

45-4 

44  1 

27-4.  be 

4 

25-4,  dew,  be 

5 

39 -9 

38 -3 

23*0,  hoarfrost,  be 

6 

40-1 

38-4 

26-2,  cb 

7 

41-0 

40-6 

24-8,  0 

8 

42-2 

40-2 

27*1,  hoarfrost,  b 

9 

42  0 

40-2 

24-8,         „        be 

10 

40-1 

39-3 

24-9,  be 

11 

27-0,  (lew,  0 

12 

43  0 

46'-3 

24*0,  hoarfrost,  b 

13 

39-7 

37-4 

22-6,          „         bf 

14 

39-2 

38-8 

25-3,         „         be 

June     9 

46-9 

44-4 

29-8,  heavy  dew,  b 

Julv    11 

51-4 

49-0 

30-8,      „         „      b 

Sep't.  18 

42-7 

42-0 

29-4,  hoarfrost,  b 

19 

48-0 

46  0 

29-3,  dew,  b 

24 

48-3 

47-2 

80*5,  heavy  dew,  b 

25 

48-3 

48-0 

30-1,      „  *      „     b 

26 

49-3 

48-9 

31-9,  dew,  b 

Oct.      1 

51-3 

49-0 

30-7,  0]) 

7 

48-4 

47-6 

30-4,  be 

18 

46-3 

44-8 

27-8,  bo 

22 

49-8 

46-5 

31  -2,  dew,  be 

28 

511 

50-0 

29-6,      „     b 

30 

47-1 

43-6 

29-2,  hoarfrost,  b 

In  May  the  grass  was  colder  than  32°  on  15  days.     The  psychro- 
meter  at  9  p.m.  on  the  preceding  days  gave  no  indication  of  such  cold, 
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but  the  evenings  or  nights  were  cle^  and  may  have  led  to  anticipation 
of  frost  on  the  ground  the  next  morning.  June  had  frost  in  the  morning 
of  the  10th,  accounted  for  by  clear  sky  after  midnight.  July  had  frost 
in  the  morning  of  the  12th,  accounted  for  by  clear  sky  all  night.  August 
had  no  frost  September  had  frosts  on  5  days,  no  wet-bulb  or  dewpoint 
indication  of  them,  but  the  sky  was  cloudless  for  all  these  nights. 
October  had  frosts  on  6  days,  and  the  same  remark  applies,  except  for 
the  night  of  the  1st,  which  was  overcast.  There  is  no  need  to  discuss 
the  other  months  in  this  manner,  for  frosts  are  frequent  in  them,  and 
expected.  January,  for  instance,  had  frosts  on  18  days,  February  15, 
March  19,  April  21,  November  11,  December  15.  In  £dl  these  cases  the 
grass  was  colder  than  the  air  at  4  ft,  colder  even  than  the  dewpoint, 
frequently  very  much  colder.  Indeed,  it  will  be  found  by  comparing 
the  mean  monthly  air  temperatures  with  their  corresponding  wet-bulb 
temperatures,  or  their  dewpoint  values,  with  means  of  the  grass  temperar 
tures,  that  the  latter  are  almost  always  the  least 

In  the  majority  of  cases  the  evening  dewpoint  is  no  indication  of  frost 
unless  the  sky  during  the  night  becomes  clear,  or  a  radiation  fog  is  on  the 
ground  with  a  clear  sky  above  it  The  grass  may  be  below  32°  without 
dew  being  observed,  perhaps  because  too  slight,  or  it  may  have  been 
obliterated  by  rain  or  dissipated  by  rise  of  temperature.  Nevertheless 
not  every  night  having  a  clear  sky  will  be  attended  by  a  temperature  on 
the  grass  sufficiently  low  to  produce  frost  Forecasts,  therefore,  may  fre- 
quently fail,  but  it  is  better  that  they  should  sometimes  do  so  than  that 
we  should  suffer  from  an  unexpected  frost  against  the  destructive  effects 
of  which  precautions  had  not  been  taken.  Better  to  be  wrong  with  this 
problem  than  right ;  but  if  you  are  right  and  have  taken  due  precautions 
you  have  your  reward. 

The  problem  cannot  be  adequately  expounded  by  the  averages  published 
for  meteorology.  For  the  purpose  of  making  forecasts  the  peychrometer 
should  be  noted  at  or  after  sunset,  or  at  9  p.m.,  and  the  amount  of  cloud 
at  the  time,  and  during  the  forepart  of  the  night  if  convenient.  The 
dewpoint  can  then  be  found  by  Glaisher's  HygrometHcai  TableSy  or  roughly 
by  taking  the  difference  between  the  two  thermometers  from  the  reading 
of  the  wet-bulb.  When  the  dewpoint  is  at  or  below  32°,  frost  is  in. 
evidence,  but  may  be  evanescent,  due  to  a  rise  of  temperature,  with  change 
of  wind,  rain,  or  overcast  sky.  Even  when  it  is  above  32°,  if  the  sky  is 
clear  it  is  probable  that  the  temperature  on  the  ground  will  go  low  enough 
for  frost  to  form.  Thus  the  evening  observations  should  lead  to  a  good 
guess  of  what  may  happen  during  the  night ;  presumably  if  the  sky  is 
very  clear,  however  hot  the  weather,  there  may  be  hoar  frost  or  dew  the 
next  morning,  so  that  precautions  should  be  taken. 

Addendum. 

Mr.  Strachan  explained  on  the  blackboard  the  general  problem  by 
the  following  empirical  scheme  : — 


Air,  9  p.m. 

All. 

Stars  Visible. 
Many.             Few. 

None. 

60 
60 
40 
80 

.         30 
25 
20 
15 

E 

40 
33 
27 
20 

50 
42 
33 
25 

60 
60 
40 
80 
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The  air  being  60"",  and  brilliant  starshine,  the  indication  is  for  some- 
thing greater  than  30""  on  the  grass,  and  there  is  no  fear  of  frost  for 
temperature  above  60"" ;  if  50"",  nothing  less  than  25°  need  be  expected, 
but  then  there  is  a  probability  of  frost  with  bright  starshine ;  and  the 
probability  increases  at  40°,  for  frost  may  occur  even  with  partial  star- 
shine  ;  while  for  30°,  frost  is  in  evidence  for  all  states  of  the  sky.  For 
no  starshine  the  sky  must  be  overcast^  and,  if  the  weather  is  rainy  or 
damp,  the  grass  may  remain,  as  well  as  the  air,  at  the  same  temperature 
during  the  interval,  unless  there  is  an  atmospheric  change  of  temperature, 
then  the  minimum  at  4  ft.  and  that  on  the  grass  will  be  alike. 


ScintHlation  and  Bippling  of  Distant  Lights. 

I  was  at  Brighton  on  Sunday,  November  3,  1907.  The  weather  was  dull 
in  the  morning,  and  some  rain  fell  between  1  and  2.30  p.m.  The  clouds 
cleared  a  little  in  the  south-west  about  3  p.m.,  and  the  sun  then  came  out 
for  some  time.  This  was  followed  by  a  brilliant  sunset,  the  clouds  being 
tinged  with  beautiful  colours.  Soon  after  5  p.m.  I  saw  the  electric  lights  at 
Worthing.  As  it  grew  darker  these  became  brighter.  I  then  noticed  that  the 
lights  scintillated  or  twinkled  very  much  like  stars.  There  was  also  the 
appearance  of  rippling  or  waves  along  the  row  of  electric  lights.  I  do  not 
remember  to  have  noticed  any  similar  appearance  of  the  twinkling  and  rippling 
of  the  lights  anywhere  else. 

Worthing  is  twelve  miles  west  of  Brighton,  and,  owing  to  a  slight  bend  in 
the  coast-line,  it  is  seen  over  the  sea.  The  wind  was  from  the  South,  and  was 
only  light  in  force.  It  is  probable  that  there  were  inequalities  in  the  velocity 
of  the  wind  over  the  twelve  miles  of  sea,  and  so  these  may  account  for  the 
scintillation  of  the  lights  and  also  for  the  rippling,  which  was  apparently  from 
south  to  north. — William  Marriott. 

International  Meteorological  Committee. 

A  meeting  of  the  International  Meteorological  Committee  was  held  at  Paris 
on  September  10,  1907,  and  following  days.  At  the  close  of  the  session  M. 
Mascart  resigned  the  office  of  President,  and  Dr.  W.  N.  Shaw,  Director  of  the 
Meteorological  Office,  London,  was  elected  President  Dr.  Q.  Hellmann, 
Director  of  the  Prussian  Meteorological  Institute,  was  elected  Secretary  in  the 
place  of  Prof.  Hildebrandsson,  who  retired  upon  his  withdrawal  from  the  post 
of  Director  of  the  Swedish  Meteorological  Office.  M.  Angot  (Paris),  Dr.  H.  R 
Hamberg  (Sweden),  Dr.  Maurer  (Switzerland),  and  Mr.  R  F.  Stupart  (Canada) 
were  elected  to  fill  the  vacancies  on  the  Committee. 
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November  20,  1907. 

Ordinary  Meeting. 

Hugh  Robert  Mill,  D.Sc.,  Preeiden^  in  the  Chair. 

William  Suith  Allslt,  39  St.  Oswald's  Road,  Birmingham  ; 
Hari  Gopal  Banbrji,  M.A.,  Khatmandu,  Nepal,  India ; 
Capt  £.  Hamilton  Bate,  H.M.S.  Hannibal,  Devonport ; 
R.  Johnson  Clarke,  F.S.A.,  Monrovia,  Liberia,  W.C.A.  ; 
Arthur  Dallas,  4  Peking  Road,  Delhi,  India ; 
Charles  Nevilb  Dat,  Easton,  Stamford,  Northants  ; 
John  Desmond,  R.V.S,  G.M.V.C^  Adelaide,  South  Australia  ; 
Capt  John  Elmbs,  Anchorage,  Clifton  Avenue,  West  Hartlepool ; 
Capt  Hugh  Findlay,  36  Qracechurch  Street,  E.C, ; 
William  Gaw,  88  Avenida  Espana,  Santiago,  Chile  ; 
Hemchandra  Gorsain,  Tezpur,  Assam,  India  ; 
Capt  George  Gregory,  18  Leadenhall  Street,  E.C. ; 
Capt  Hugh  Hollies,  Castle  Rising,  Norfolk  ; 
Henry  J.  Hunt,  The  Priory,  Wimbledon  Common  ; 
Capt  Edward  Gates  James,  Fradswell,  Stafford  ; 
Arthur  Lander,  17  High  Street,  Canterbury  ; 

Capt  WiNDEYER  George  Lingham^67  Woodland  Rise,  Muswell  Hill,  N.  ; 
Capt  Arthur  Willson  M*Kellar,  138  Leadenhall  Street,  KC. ; 
Evelyn  Neville  Plevins,  Woodford  House,  near  Thrapston,  Northants ; 
Capt  Sidney  Plunkett,  West  Hill  House,  Milton,  Gravesend  ; 
Thomas  Rule,  Eaombi,  Chiromo,  B.C.  A  ; 
Capt  Robert  William  Scarff,  Tilbury  Dock ; 

Capt  W.  SoFWiTH  Shelford,  80  York  Mansions,  Battersea  Park,  S.E. ; 
Edmund  J.  Walsh,  402  O'Connor  Street,  Ottawa,  Canada  ;  and 
Capt  Robert  Campbell  Warden,  79  Mark  Lane,  E.C., 
were  balloted  for  and  elected  Fellows  of  the  Society. 

The  President  said  :  During  the  recess  since  the  last  Meeting  of  the  Society 
in  June  its  work  has  not  been  intermitted,  and,  apart  from  the  usual  routine, 
there  are  several  points  of  interest  which  I  think  might  be  brought  before  the 
Fellowa,  however  briefly,  in  commencing  a  new  Session. 

The  Society  was  represented  by  an  attractive  exhibit  at  the  Lincoln  Show 
of  the  Royal  Agricultural  Society  in  the  last  week  of  June,  and  the  opportunity 
was  taken  advantage  of  by  a  great  many  farmers  and  others  attending  the  Show 
who  had  not  previously  seen  a  climatological  station  at  work.  Mr.  Marriott 
gave  several  discourses  on  that  occasion  which  aroused  general  interest ;  and  he 
has  also  continued  the  lectures  to  Local  Scientific  Societies  from  which  such 
excellent  results  were  obtained  last  year. 

The  efforts  of  the  Society  to  advance  the  study  of  Meteorology  in  Schools 
and  Colleges  have  not  been  relaxed,  and  a  good  deal  of  information  on  the 
subject  has  been  acquired  since  our  last  meeting,  the  results  of  which  will  be 
presented  to  you  before  long.  It  has  been  decided  to  invite  a  competition 
amongst  elementary  School  Teachers  and  others  for  the  best  specimen  lesson  on 
the  Study  of  the  Weather  adapted  for  nse  in  Schools  ;  but  the  most  scrupulous 
Fellow  need  not  fear  that  the  Society  is  entering  into  rivalry  with  the  "  Limerick  " 
press. 

The  Joint  Kite  Committee,  in  which  the  Society  is  associated  with  other 
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bodies,  has  been  extremely  active,  and  has  secured  several  series  of  ascents  in 
connection  with  the  International  Co-operation  in  July  and  September  last, 
some  of  the  results  of  which  will  be  placed  before  the  Society  this  evening. 
The  study  of  the  Upper  Air  promises  to  be  the  most  important  contribution  of 
the  early  part  of  the  twentieth  century  to  the  science  of  Meteorology,  and  it  is 
appropriate  that  the  Symons  Memorial  Qold  Medal  of  the  Society  for  next  year 
should  have  been  awarded  by  the  Council  to  M.  L.  Teisserenc  de  Bort,  whose 
untiring  efforts  have  been  largely  instrumental  in  leading  to  the  splendid  results 
now  being  obtained.  It  is  gratifying  to  be  able  to  announce  that  M.  Teisserenc 
de  Bort  hopes  to  attend  personally  at  the  Annual  Meeting  in  January  to  receive 
the  Medal,  and  I  am  sure  that  he  will  be  very  heartily  received. 

It  has  been  my  privilege  to  represent  the  Society  officially  at  the  celebration 
of  the  Centenary  of  the  Geological  Society  in  September  last,  and  to  convey  the 
congratulations  of  the  students  of  weather  to  Sir  Archibald  Geikie,  the  master 
of  weathering.  I  have  also  represented  the  Society  on  the  Science  Committee 
of  the  Franco-British  Exhibition,  and,  together  with  several  other  Fellows  of 
the  Society,  on  the  sub-committee  which  is  organising  the  meteorological  part 
of  that  important  undertaking.  Dr.  Shaw,  as  Convener  of  the  Sub-Committee 
on  Meteorology,  is  carrying  out  the  general  arrangements,  and  we  shall  have  the 
invaluable  assistance  of  Mr.  Marriott  in  arranging  the  details. 

Some  important  changes  have  occurred  in  the  Meteorological  organisations 
of  the  Empire,  chief  amongst  which  I  may  mention  the  formation  of  a  Federal 
Meteorological  Department  in  Australia,  and  the  revival  of  the  Colonial  Meteoro- 
logical service  in  Jamaica  under  the  charge  of  our  colleague  Mr.  Maxwell  Hall. 
It  is  pleasant  to  find  that,  after  having  been  cared  for  Meteorologically  for  some 
years  by  the  United  States  Weather  ^Bureau,  the  leading  West  Indian  Colony 
has  resumed  observational  work  on  its  own  authority. 

The  succession  of  our  old  friend,  Dr.  Hellmann,  to  the  Professorship  of 
Meteorology  in  the  University  of  Berlin  and  to  the  Directorship  of  the  Prussian 
Meteorological  Institute  was  only  to  be  expected  ;  but  we  congratulate  him  none 
the  less  heartily  upon  the  appointment. 

The  International  Meteorological  Committee,  which  has  done  so  much  in  the 
past  in  promoting  uniformity  in  the  observations  of  different  countries,  has  lost 
the  services  of  its  old  President,  M.  Mascart,  and  its  old  Secretary,  Prof.  Hilde- 
brandsson  ;  but  we  may  feel  a  certain  pride  as  a  Society  in  the  appointment  of 
a  member  of  our  own  Council,  Dr.  Shaw,  to  the  Presidency  of  the  International 
Committee ;  and  in  the  appointment  of  Dr.  Hellmann  as  Secretary  we  have  a 
further  guarantee  that  the  efficiency  of  the  Committee  will  be  in  no  way 
impaired  by  the  change. 

Dr.  Shaw  is  continuing  at  the  Meteorological  Office  those  interesting  con- 
ferences on  important  published  meteorological  papers  which  we  have  all  learned 
to  appreciate,  and  he  is  also  delivering  a  course  of  lectures  at  the  University 
of  London  upon  **  Meteorological  Organisation  and  Methods."  The  improve- 
ment in  the  position  of  Meteorology  as  a  University  subject  in  this  country  is 
extremely  gratifying  ;  but  I  regret  to  have  to  record  a  backward  movement  in 
the  matter  of  the  recognition  of  Meteorology  at  the  Meetings  of  the  British 
Association.  It  may  be  that  this  Society  has  been  too  considerate  in  not 
impressing  upon  the  British  Association  the  importance  of  the  science  and  its 
claim  to  be  represented  in  a  section  by  itself  or  grouped  with  other  branches 
of  observational  study.  The  unsatisfactoriness  of  the  position  of  Meteorology 
in  Section  A  at  the  last  meeting  has  been  commented  on  in  several  quarters, 
and  we  hope  that  some  improvement  will  result  in  consequence. 

I  may  refer  to  the  prosperous  state  of  the  Society  numerically,  twenty-five 
names  being  down  for  election  this  evening,  and  thirty-seven  for  proposal  as 
Fellows.     The  latter  number  is,  I  understand,  the  largest  on  any  occasion  in 
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the  history  of  the  Society,  and  it  is  a  personal  gratification  to  myself  to  know 
that  it  contains  the  names  of  many  rainfall  observers  who  have  long  carried  on 
valuable  if  unostentatious  observations  in  that  department  of  our  science. 

I  would  urge  upon  the  Fellows  the  great  importance  of  making  an  effort  to  im- 
prove the  position  of  the  Society  still  further  as  regards  the  number  of  members. 
Much  of  the  work  of  such  a  Society  as  this  depends  upon  the  possession  of  an 
adequate  annual  income,  and  we  have  practically  no  other  source  of  income  than 
the  contributions  of  Fellows.  I  believe  that  many  suitable  and  desirable  people 
are  ready  to  join  if  they  could  only  be  sought  out  and  nijtde  acquainted  with 
the  aims  and  advantage  of  the  Society.  A  large  membership  has  many 
advantages  apart  from  the  financial,  and  it  is  my  hope  that  all  the  Fellows  will 
take  an  increasing  share  in  the  work  of  the  Society,  and  act  zealously  together 
in  promoting  all  its  efforts,  confident  that  we  are  engaged  in  a  branch  of  Science 
which  is  entering  on  a  period  of  rapid  advance. 

The  following  communications  were  read  : — 

1.  '*The  Rbqibtering  Balloon  Ascents  in  England  of  July  23-27, 
1907."     By  W.  H.  Dines,  F.R.S.  (p.  1). 

2.  "Results  of  the  Balloon  Ascents  made  from  Manchester,  Jult 
22-28,  1907."     By  J.  E.  Petavel,  F.R.S.,  and  W.  A.  Harwood  (p.  6). 

3.  "Balloon  Experiments  in  Dublin,  July  22-27,  1907."  By  Professor 
W.  E.  Thrift,  M.A.  (p.  11). 

4.  "Discussion  of  the  Meteorological  Observations  at  the  British 
Kite  Stations,  Session  1906-1907."  By  Margaret  White,  T.  V.  Bring, 
and  J.  K  Petavel,  F.R.S.  (p.  15). 


December  18,  1907. 

Ordinary  Meeting, 
Hugh  Robert  Mill,  D.Sc,  President,  in  the  Chair. 

Claud  Andrew  Allan,  Darleith,  Cardross,  Dumbartonshire ; 

Edward  Heron  Allen,  3  North  wick  Terrace,  N.W.  ; 

Allanson  Bailet,  Rothesay,  Lemsford  Road,  St.  Albans ; 

Henrt  J.  Bailet,  J.P.,  D.L.,  Rowden  Abbey,  Bromyard  ; 

William  Aloock  Beck,  B.A.,  Tower  Bank,  Sawrey,  Ambleside  ; 

Charles  Hugh  Berners,  J.  P.,  D.L.,  Wolverstone  Park,  Ipswich  ; 

Charles  Brown,  J.  P.,  Ley  croft  House,  Weston-super-Mare  ; 

Miss  L.  H.  Bushell,  Hinderton  Lodge,  Neston,  Cheshire ; 

Charles  Pratt  Chambers,  Orchard  Head,  Broughton-in-Fumess  ; 

Harvb7  Ralph  Goring  Clarke,  B.A.,  Brook  House,  Hay  ward's  Heath  ; 

Alfred  Clat,  Darley  Hall,  Matlock  ; 

Humphrey  B.  Deveredx,  Waihi,  New  Zealand  ; 

Thomas  Arthur  Dickson,  Sy well  Hall,  Northampton ; 

Jambs  Dixon,  J.P.,  Tylecote,  Ranmoor,  Sheffield  ; 

James  William  Duncan,  The  Firs,  Castle  Hill,  Maidenhead ; 

Rev.  Jambs  Charles  Fox,  Temple  Coombe,  Somerset ; 

Edward  Pirie  Gordon,  J.P.,  Gwernvale,  Crickhowell,  Brecon ; 

William  Hall,  Swerford,  Enstone,  Oxon.  ; 

Mrs.  Marcus  Hare,  Court  Grange,  Newton  Abbot ; 

Joseph  Hawkslet,  Assoc.M.Inst.C.E.,  14  Albert  Square,  Great  Yarmouth  ; 

Arthur  Pearse  Jenkin,  F.S.I.,  Treevergie,  Redruth  ; 

Charlbs  Edwin  Jones,  AssocM.InstC.E.,  31  Greycoat  Gardens,  S.W.  ; 

Owen  Jones,  DoUawell,  Blaenau-Festiniog,  N.  Wales ; 

Framjee  Dorabjbd  Kapadia,  Abmedabad,  Bombay  Presidency,  India ; 


Digitized  by 


Google 


54  PROCEEDINOS  AT  THE  MEETINGS  OF  THE  SOCIETY 

Leonard  Q.  King,  32  Palatine  Road,  Withiogton,  Manchester ; 
MiB8  I.  J.  R.  Macadam,  44  South  Street,  St  Andrews,  N.B. ; 
WiLUAM  Qbobqe  Maohin,  Hartley  Witney,  Winchfield  ; 
Philip  Pennant  Pennant,  Nantlys,  St  Ajsaph,  Flintshire  ; 
J.  E.  Petavel,  F.R.S.,  University,  Manchester ; 
Miss  F.  J.  Sparks,  Bincombe  House,  Crewkeme ; 
Albert  John  Stephens,  39  Denmark  Road,  Gloucester  ; 
William  Stead  Strachan,  B.Sc.,  9  Victoria  Street,  S.W. ; 
Capt  Francis  S.  Stmons,  Kenilworth,  Fanian  Road,  Streatham ; 
Arthur  John  Walker,  M.A.,  Mount  St.  John,  Thirsk ; 
Mrs.  Wilkin,  Summerhill,  Tenterden,  Ash  ford  ; 
Miss  K  D.  Woodhouse,  Burghill  Court,  Hereford  ;  and 
Miss  J.  L.  Woodward,  The  Knoll,  Clevedon,  Somerset, 
were  balloted  for  and  elected  Fellows  of  the  Society. 

Mr.  J.  W.  Forrester  and  Mr.  T.  P.  Newman  were  appointed  Auditors 
of  the  Society's  Accounts. 

The  President  said,  that  before  proceeding  with  the  papers,  he  could  not 
refrain  from  giving  expression  to  the  feelings  of  all  present  at  the  immense  loss 
to  science  sustained  by  the  death  of  Lord  Kelvin.  He  spoke  the  more  feelingly 
because  he  knew  how  greatly  Lord  Kelvin  had  been  interested  in  Meteorology, 
as  in  every  other  branch  of  physical  science.  He  had  the  most  catholic  spirit 
of  any  scientific  man  in  this  country  and  of  modem  times,  and  he  was 
interested  in  every  scientific  study,  both  as  a  man  of  science  and  as  an  eager 
and  enthusiastic  student  of  nature.  Lord  Kelvin's  extraordinary  youthfulness 
of  character  was  perhaps  the  feature  which  first  and  always  impressed  every  one 
who  knew  him.  The  last  time  he,  Dr.  Mill,  had  met  Lord  Kelvin,  the  latter 
had  been  speaking  most  enthusiastically  about  meteorological  work  in  the 
recent  Antarctic  Expedition,  and  speculating  on  the  origin  of  the  Antarctic  ice 
cap,  and  the  na,^ure  of  the  land  which  it  covered,  as  keenly  as  in  the  days  long 
ago  when  he  demonstrated  the  limit  of  possible  thickness  of  the  ice  cap  by  the 
effect  of  pressure  on  the  freezing  point  He,  the  President,  had  had  occasion 
to  look  up  the  names  of  William  Thomson  and  Lord  Kelvin  in  the  Society's 
Bibliography  of  Meteorology,  and  there  were  so  many  entries  that  it  would 
take  too  long  to  recapitulate  them.  Lord  Kelvin's  great  work  on  Atmospheric 
Electricity  was  known  to  all,  that  on  the  Increase  of  Temperature  within  the 
Crust  of  the  Earth  was  perhaps  less  remembered.  By  deductions  drawn  from 
the  rate  of  cooling  of  the  Earth,  Lord  Kelvin  had  reached  back  into  the  past 
and  guessed  at  the  beginning  from  the  accumulated  data  of  the  present.  He 
was  always  interested  in  the  theory  of  Atmospheric  Circulation,  and  keenly 
supported  the  claim  of  his  brother.  Professor  James  Thomson,  to  the  priority 
of  the  statement  of  the  atmospheric  circulation,  with  which  the  name  of  Ferrel 
was  more  often  associated  in  the  text-books.  Though  the  Society  had,  un- 
fortunately, not  been  directly  associated  with  Lord  Kelvin,  he,  as  President, 
could  not  allow  the  occasion  to  pass  without  referring  to  the  irreparable  gap 
made  in  the  ranks  of  scientific  men  by  the  loss  of  Lord  Kelvin,  who  summed 
up  in  himself  so  much  of  the  history  of  physical  science  in  the  nineteenth 
century. 

The  following  communications  were  read  : — 

1.  "The  Possibility  of  a  Topography  op  the  Air,  based  on  Balloon 
Observations  with  special  Theodolites."  By  Captain  C.  H.  Ley, 
F.R.MetSoc  (p.  27). 

2.  "Indications  op  Approaching  Frost."  By  Richard  Strachan, 
F.R.MetSoc  (p.  47). 


Digitized  by 


Google 


CORRESPONDENCE  AND  NOTES  5fi 


CORRESPONDENCE  AND  NOTES. 

Pxue  Competition  for  Teachers. 

The  Council  of  the  Royal  Meteorological  Society,  being  desirouB  of  en- 
couraging the  teaching  in  schools  of  facts  regarding  Weather  and  Climate, 
invite  elementary  teachers  and  others  to  send  in  essays  on  Weather  or  Climate 
in  the  form  as  given  in  the  particulars  below. 

The  Council  are  hoping  by  means  of  this  competition  to  find  out  what 
kind  of  instruction  on  the  subject  of  Weather  is  given  to  the  scholars  in  the 
Elementary  Schools.  They  believe  that  many  teachers  do  impart  much 
interesting  and  valuable  information,  and  also  help  their  scholars  to  keep 
records  of  the  weather. 

In  the  present  competition  the  Council  require  that  an  original  sketch  of 
a  Nature  Study  Lesson  on  Weather  or  Climate  (not  exceeding  1500  words) 
should  be  sent  in,  together  with  a  brief  summary  of  five  other  lessons  to  cover 
the  whole  subject  of  Weather  and  Climate. 

It  is  desirable  that  the  competitor  should  state  for  what  Standard  he  (or 
ehe)  considers  the  lessons  to  be  suitable. 

If  essays  of  sufi&cient  merit  are  received,  three  prizes  will  be  awarded  of 
£5,  £3,  and  £2  respectively.  All  the  competing  essays  will  become  the 
property  of  the  Society,  and  the  decision  of  the  Council  as  to  the  awards  shall 
be  final. 

The  essays  should  be  signed  by  the  writer,  and  sent  in  on  or  before 
January  31,  1908. 

Lectnres  on  Meteorology. 

Boyal  Meteorological  Society. — During  the  past  three  months  Mr.  W.  Marriott 
has  given  lectures  on  meteorological  subjects  in  connection  with  the  Society's 
scheme  for  diffusing  a  knowledge  of  meteorology  at  the  following  places  : — 
October  28. — Newcastle-on-Tyne,  Literary  and  Philosophical  Society. 
November   1. — Brighton   and  Hove  Natural   History   and   Philosophical 

Society. 
November  4. — ^Winchester,  West  Downs  School. 
November  14. — Keighley,  Literary  and  Scientific  Society. 
Boyal  Geographical  Society. — A  course  of  six  lectures  on  '*  The  Geographical 
Distribution  of  Rainfall  in  the  British  Isles "  will  be  given  by  Dr.  H.  R  Mill, 
in  the  Meeting  Room  of  the  Society,  on  Thursday  evenings  in  January  and 
February,  beginning  on  January  23  at  6  p.m.     The  syllabus  of  the  Lectures 
is   as   follows : — Lecture   I.  The   physical   geography   of  Great   Britain   and 
Ireland.     Lecture  IL  Rain  ;  its   nature,  origin,  and  functions.     Lecture  III. 
Measuring,  recording,  and  mapping  rainfall     Lecture  IV.  The  duration  and 
distribution  of  showers.     Lecture  V.  Average  annual  rainfall;    and   Lecture 
yi.  Rainfall  in  relation  to  configuration  and  economic  conditions. 

Univernty  of  London. — ^A  course  of  twelve  lectures  on  "Meteorological 
Organisation  and  Methods  of  dealing  with  Meteorological  Observations"  is 
being  given  by  Dr.  W.  N.  Shaw,  F.R.S.,  the  Director  of  the  Meteorological 
Office,  and  University  Reader  in  Meteorology,  at  the  University,  South 
Kensington,  on  alternate  Mondays  at  5  p.m.  The  first  lecture  was  given  on 
October  21,  1907.     The  syUabus  is  as  follows  : — 

Meteoroloqical  Observation. — Instruments,  observatories,  and  stations. 
Measurement  of  pressure,  temperature,  humidity,  wind-velocity.  Estimation 
and  observation.  Cloud  forms  and  velocities.  Methods  of  investigation  of 
the  upper  air. 
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Methods   of   dbalino  y^ith   Meteobolooical   Observations. — Local 

diflferentiation  and  combination.     Maps.     Means  and  averages.     Harmonic 

analysis.     Periodicity.     Correlation. 

Cambridge  University, — Mr.  E.  Gold  will  give  a  course  of  eight  lectures  in 

Meteorology,  at  the  Cavendish  Laboratory  during  Lent  term,  on  Thursdays  at 

5  p.m.,  beginning  on  January  16.     The  syllabus  is  as  follows  : — 

Lectures  I.  to  lY.,  Thkruo-Dynamics  of  the  Atmosphere. — Changes  in 
a  mass  of  air  containing  water  vapour,  which  rises  adiabatically  or  pseudo- 
adiabatically.  The  dry,  rain,  hail,  and  snow  stages.  The  deductions  of  Hertz 
and  von  Bezold.  Graphical  representation.  The  potential  temperature. 
Vertical  temperature  gradient  deduced  from  kite  and  balloon  observations. 
Formation  of  atmospheric  waves.  The  changes  produced  by  mixing  quantities 
of  air  of  different  temperatures  and  humidities.  Paradoxical  result  of  mixing 
cold  damp  air  with  warm  dry  air.  Methods  of  cloud  formation.  The  solar 
halo. 

Lectures  V.  to  VIIL,  Atmospheric  Motion. — The  general  circulation. 
Theories  of  James  Thomson,  Ferrel,  W.  von  Siemens,  Oberbeck.  Comparison 
with  surface  currents  and  with  upper  currents  deduced  from  cloud  observations. 
Distribution  of  isobars  at  higher  levels.  Local  circulation.  Relation  between 
pressure-gradient  and  wind  velocity.  Characteristics  of  cyclones  and  anti- 
cyclones. Work  of  Diro  Eitao.  Formation  of  cyclones.  Theories  of  Ferrel 
and  Faye.  Tropical  cyclones  and  tornadoes.  Theorem  of  Poincar6  for 
angular  velocity  in  symmetric  atmospheric  vortex.  Results  of  upper  air 
observations  of  wind  velocity. 

The  Study  of  the  Weather  as  a  Branch  of  Nature  Knowledge. 

Dr.  M.  L  Newbigin  recently  delivered  a  lecture  on  this  subject  to  classes  of 
teachers  at  Aberdeen  and  Edinburgh,  w^hich  is  printed  in  full  in  the  ScoUisk 
Gfeographical  Magazine  for  December  1907.  This  is  an  interesting  Nature 
Study  Lesson,  very  much  on  the  lines  suggested  by  the  Council  of  the  Royal 
Meteorological  Society. 

Dr.  Newbigin  says : — "  In  endeavouring  to  suggest  to  you  methods  of 
studying  the  weather  in  schools  as  a  part  of  nature  knowledge,  it  may  be  well 
to  begin  by  considering  very  briefly  the  aims  which  should  inspire  a  course  in 
nature  study,  for  our  methods  will  be  naturally  largely  influenced  by  our  aims. 
The  object  of  such  a  course  is,  I  take  it,  twofold  We  want,  in  the  first  instance, 
to  train  the  powers  of  observation  and  develop  the  intelligence,  with  the  view 
not  only  of  making  better  citizens,  but  also  of  increasing  the  happiness  of  life ; 
and,  in  the  second  place,  we  want  to  give  an  insight  into  the  methods  of  science. 
To  show  that  the  methods  of  science  are  everywhere  in  essence  the  same,  and 
to  suggest  that,  owing  to  the  fact  that  the  further  scientific  research  is  carried, 
the  more  obvious  it  becomes  that  nature  is  orderly  and  uniform,  and  that  there 
are,  therefore,  few  series  of  phenomena  too  trivial  to  be  worth  study  by  some 
one — these,  in  my  opinion,  are  points  of  great  and  increasing  importance.  Again, 
even  elementary  education  is  incomplete  unless  it  succeeds  in  imparting  some 
flavour  of  real  enthusiasm  for  science. 

"When  we  come  to  practical  detail  I  suppose  most  of  you,  as  practical 
teachers,  have  felt  that  the  supreme  difficulty  is  to  find  what  we  may  call  a 
jumping-off  point.  I  heard  the  other  day  an  interesting  story  of  a  little  girl 
who  objected  strenuously  to  going  to  school,  because,  as  she  said  with  much 
force,  'They  don't  teach  me  anything  I  want  to  know.'  This  is  probably  a 
condition  that  frequently  occurs,  but  in  the  teaching  of  such  subjects  as 
arithmetic  and  spelling  we  have  behind  us  the  driving  force  of  parents  and 
relatives  who  say,  with  a  truth  that  even  the  child  recognises,  that  adult  life 
is  impossible  without  a  certain  amount  of  knowledge.     In  nature  study  in 
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general  we  have  not  as  yet  this  advantage,  and  have  even  to  allow  for  the  fact 
that  the  parent  in  the  background  is  probably  saying, '  Tadpoles  and  dandelions 
are  all  very  well,  but  that  won't  help  you  to  earn  your  living.'  It  is,  therefore, 
very  important  to  include  in  the  course  subjects  about  which  the  child  does 
want  to  know,  in  which  there  is  an  initial  interest  to  help  us  over  the  drag  at 
the  start.  Now  the  weather  is  our  basal  subject  of  conversation,  interests  us 
at  every  turn  of  life,  and  as  even  the  child  feels  this  interest,  the  subject  is  one 
well  worthy  of  the  attention  of  teachers  of  nature  study.  Again,  the  uncertainty 
of  our  weather  has  become  a  proverb,  the  difficulties  of  forecasting  not  less  so, 
and  yet  when  we  study  weather  in  detail,  we  find  that,  although  we  can  say 
very  little  as  to  the  possible  weather  next  week,  and  almost  nothing  as  to  its 
probable  course  next  month,  yet  the  annual  series  of  changes  which  make  up 
the  climate  of  a  locality  take  place  in  orderly  sequence,  and  almost  all  the 
elements  of  the  total  are  more  or  less  fixed  and  constant.  The  fact  that  from 
one  point  science  means  the  finding  of  order  in  apparent  chaos  may  thus  be 
well  brought  out.  One  must  not  also  forget  that  the  child  is  eminently 
practical  and  utilitarian,  and  we  are'  not  only  all  naturally  interested  in 
weather,  but  in  a  maritime  country  it  is  of  great  practical  importance.  In  a 
coast  town  like  Aberdeen  one  has  the  coastguard  station  as  an  evidence  of  this 
practical  interest,  and  one  can  even  hope  to  show  that  coastguard  station, 
Nautical  Almanac^  and  Meteorological  Society  form  a  sequence,  illustrating 
the  fact  that  science  is  merely  enlightened  and  developed  common  sense  and 
common  experience." 

Dr.  Newbigin  then  proceeds  to  give  an  interesting  and  simple  lesson  on  the 
study  of  the  weather.     He  concludes  as  follows  : — 

"  My  aim  in  this  lecture  has  been  both  to  show  what  there  is  to  teach  in 
connection  with  weather,  and  to  suggest  methods  of  teaching  it.  As  is  the  case 
in  practically  all  the  sciences,  the  great  difficulty  is  to  combine  in  a  rational 
way  the  method  of  direct  observation  and  of  instruction,  so  as  to  give  the  taught 
something  in  the  way  of  a  practical  appreciation  of  the  subject  If  I  may 
recapitulate  my  suggestions,  I  should  say,  begin  first  by  the  most  general  and 
simple  observations  of  wind  and  sky,  sunshine  and  rain.  Then  introduce  the 
barometer,  and  get  a  series  of  observations  sufficient  to  answer  a  series 
of  questions,  such  as :  Does  the  barometer  move  or  not  ?  much  or  little  ? 
does  the  wind  affect  it  ?  the  temperature  ?  rain  ?  At  first,  at  any  rate,  I 
should  be  disposed  to  let  the  class  take  observations  for  a  school  week  at 
irregular  intervals  rather  than  continuously,  and  then  let  them  compare 
different  weeks  until  they  gradually  acquired  some  notion  of  the  meaning  of 
average  height.  After  the  interest  had  been  aroused  it  would  be  a  good 
plan  to  give  a  series  of  more  detailed  lessons,  and  gradually  introduce  the 
consideration  of  cyclones  and  anticyclones,  the  reading  of  weather  charts,  and 
so  forth.  One  would  naturally  take  advantage  of  outstanding  meteorological 
events  as  texts — a  great  storm  such  as  that  which  wrecked  the  Berliriy  a  long 
frost,  our  late  fine  Easter :  any  H>ne  of  these  would  form  an  interesting  starting 
point.  As  I  have  tried  to  show  also,  the  subject,  may  be  correlated  in  many 
different  ways  with  the  ordinary  geography  lesson,  or  even  with  history,  for 
climate  has  had  much  to  do  in  making  the  British  what  they  are,  and  climate 
is  merely  the  average  succession  of  weather.  Especially,  however,  I  should  lay 
stress  upon  the  attempt  to  employ  meteorological  phenomena  as  a  stimulus  to 
the  imagination,  and  I  should  urge  the  value  of  introducing  in  occasional  lessons 
conceptions  which  in  their  entirety  may  be  beyond  the  reach  of  the  class,  but 
of  which  they  can  be  made  to  understand  enough  to  greatly  interest  them. 
I  have  great  faith  in  Anatole  France's  dictum  that  a  child's  feelings  may  be 
intensely  roused  by  subjects  which  are,  strictly  speaking,  beyond  his  intellectual 
reach.     I  should  strive  to  make  clear,  for  instance,  something  of  the  romance 
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of  a  meteorological  map,  to  picture  the  many  patient  observers,  widely  separated 
from  one  another,  who,  day  by  day,  records  each  his  quota  of  facts — facts 
whose  full  significance  the  individual  cannot  at  the  time  fully  see,  but  which 
he  registers  in  the  certain  knowledge  that  they  will  fit  into  a  clear  and  coherent 
whole.  Man,  now  no  more  than  ever  he  could,  can  alter  the  course  of  the  winds, 
but  within  limits  he  has  now  so  far  conquered  nature  that  he  can  tell  whither 
they  come  and  where  they  will  go,  he  has  conquered  time  and  space  so  far  that 
he  can  send  warnings  of  coming  changes.  Here,  surely,  are  facts  which  are 
worth  knowing,  suggestions  which  are  worth  making.  Again,  though  the 
meteorological  map  is  an  extraordinary  triumph  of  skill,  it  has  still  many  gaps. 
The  meteorologist  is  still  groping  after  that  perfection  of  his  methods  which 
will  enable  him  to  prophesy  without  any  fear  of  error,  and  his  science  has  not 
the  frigidity  of  perfection,  but  the  perennial  interest  uf  an  evolving  organism. 
In  our  own  British  weather  maps,  so  apparently  a  trifling  matter  as  the  opening 
of  the  cable  to  the  Fardes  and  Iceland  has  greatly  increased  the  value  of  the 
forecasts. 

'^  I  do  not  wish  to  claim  for  the  study  of  the  weather  any  monopoly  of 
merit,  but  only  to  suggest  that  if  I  am  right  in  my  statement  of  the  aims  which 
should  prompt  the  teacher  of  nature  study,  it  is  a  branch  which  is  well  fitted 
to  carry  out  these  aims." 
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Metemvlogy  in  Mysore  for  1906,  hdng  the  Results  of  Observations  at  Bangalore, 
Mysore,  Hassan,  and  Chitaldrug.  Fourteenth  Annual  Report  By 
John  Cook,  M. A.,  F.E.S.K  Bangalore,  1 907.  4to.  1 8  +  1 22  pp. 
and  9  plates. 

In  addition  to  the  usual  information  given  in  these  annual  Reports,  the 
present  volume  contains  a  set  of  tables  of  '* Daily  Means"  for  the  twelve  years 
1893-1904,  for  each  of  the  four  Observatories  at  Bangalore,  Mysore,  Hassan, 
and  Chitaldrug.  In  accordance  with  the  recent  action  of  the  Government  of 
India,  which  has  reduced  the  great  majority  of  its  second-class  observatories  to 
third-class  ones,  the  Hassan  and  Chitaldrug  observatories  will  for  the  future  be 
of  the  third  class,  and  will  therefore  record  merely  the  8  a.m.  observations  daily. 

The  Climate  of  Ahhassia  near  Cairo,  By  B.  K  F.  Keeling.  Survey  Depart- 
ment paper,  No.  3.     Cairo,  1907.     61  pp.  and  8  plates. 

This  is  a  summary  of  36  years'  observations  made  at  the  Observatory,  which 
was  founded  in  1868,  principally  for  meteorological  work,  by  the  Khedive 
Ismail  Pasha.  The  Observatory  was  maintained  continuously  at  Abbassia 
till  the  end  of  1903,  when  it  was  removed  to  Helwan.  Since  that  date  a 
second  order  meteorological  station  has  only  been  continued  at  Abbassia. 
Previous  summaries  of  the  work  of  this  Observatory  have  from  time  to  time 
appeared,  viz.  a  very  detailed  paper,  "  Notice  sur  le  Climat  du  Caire,"  published 
by  M.  J.  Barois  in  1889,  in  the  Bulletin  de  V Institute  Afyptien,  and  a  summary 
of  30  years'  observations  in  the  Annual  Meteorological  Report  of  the  Survey 
Department  in  1898-1899.  After  the  date  of  the  latter  of  these  summaries 
there  were  5  years'  observations  before  the  removal  of  the  Observatory,  and  in 
the  paper  under  notice  a  summary  of  these  5  years'  observations  and  the  mean 
values  for  the  35  years  are  given.  It  has  not  been  possible  to  treat  the  results 
in  a  homogeneous  manner,  owing  to  the  fact  that  the  instrumental  equipment 


Digitized  by 


Google 


RECENT  PUBLICATIONS 


59 


has  not  been  uniform.  The  results  have  been  summarised  as  far  as  possible  in 
the  form  of  tables,  the  descriptive  part  being  confined  to  the  limits  necessary 
for  explaining  them.  Summarised  climatological  tables  are  given,  and  for  each 
of  the  principal  meteorol(^ical  elements  necessary  for  corrections,  to  reduce  the 
means  deduced  from  the  present  readings  made  three  times  a  day  to  the  true 
daily  mean  published  before  the  closing  of  the  Observatory,  are  given.  The 
paper  also  contains  charts  showing  the  annual  and  daily  curves  obtained  for 
each  of  the  principal  elements.  The  following  table  shows  the  mean  results  for 
17  years,  1887-1903:— 


Means  of 

Climatological  Observations  at  Abbassia, 

Cairo, 

1887-1908. 

Temperature. 

Rela. 

Months. 

Means. 

Extremes. 

tive 
Hum- 

Rain. 

Min. 

Max. 

Range. 

Mean.i 

Min. 

Max. 

idity.2 

o 

0 

0 

0 

0 

1 

in. 

January  .... 

44-2 

64.9 

207 

54-1 

307 

79-9 

68 

27 

Febraary 

46*8 

696 

228 

56.8 

34-2 

95-9 

64 

.16 

March    . 

50-0 

75-6 

25.6 

62-4 

37'i^ 

io6-2 

5« 

•16 

April      . 

55-0 

8V7 

28.7 

70-2 

42-3 

108.7 

SO 

08 

May       . 

60.8 

909 

30-1 

76.8 

48-2 

I1I-6 

46 

.04 

^une 

My      ' 

65.1 

95-2 

30-1 

8i-9 

56-7 

1 1 3-4 

46 

... 

69-4 

97.2 

27.8 

«3-5 

60.8 

1117 

50 

August   . 

694 

94.8 

25-4 

82.6 

59-9 

io6-9 

55 

September 

66.0 

90-0 

24*0 

78.1 

56-3 

105- 1 

61 

... 

October . 

62-8 

860 

232 

73-2 

51-4 

107.8 

65 

.04 

November 

54-3 

s; 

21.4 

65.1 

38-3 

92-5 

66 

•20 

December 

48.2 

202 

57-9 

34-3 

84.9 

70 

23 

Year. 

57-7 

82.7 

25.0 

70.2 

30-7 

II3-4 

58 

1.18 

1  35  years,  1869-1903. 


*  33  years,  i87i-x903. 


The  Rainfall  of  the  Philippines.  By  the  Eev.  M.  S.  Maso.  Prepared 
under  the  direction  of  the  Rev.  J.  Algu6,  S.J.,  Director  of  the 
Weather  Bureau,  Manila,  1907.     4to.     32  pp. 

This  statement  of  rainfall  in  the  Philippine  Archipelago  was  prepared  in 
1905  at  the  request  of  the  Solar  Commission.  Except  for  Manila,  whose 
uninterrupted  records  extend  back  to  the  year  1865,  and  for  a  few  other 
stations  which  have  reported  the  rainfall  during  ten  or  more  years,  there  has 
not  been  a  very  extensive  series  of  observations  to  work  on.  Considering, 
however,  the  relative  small  area  of  the  Archipelago,  the  data  given  in  the  paper 
convey  a  very  fair  idea  of  the  nature  and  variation  of  the  rainfall  in  the 
Philippine  Islands.  Detailed  results  of  monthly  rainfall  at  sixty-four  stations 
for  varying  periods  are  given,  and  the  subject  is  dealt  with  under  the  following 
heads: — 

1.  Summer  and  autumn  rainfall ;  cyclonic  rainfall. 

2.  Winter  or  north-east  monsoon  rainfall ;  and 

3.  Spring  rainfall :  March,  April,  May. 

The  mean  yearly  amount  of  rainfall  is  really  high  in  the  whole  Archipelago, 
but  its  effect  depends  principally  upon  its  distribution  throughout  the  year. 
In  respect  to  rainfall,  three  diflFerent  climates  can  be  distinguished  in  these 
islands. 

The  first,  and  worst  of  them,  has  two  well-defined  seasons,  wet  and  dry. 
This   climate  prevails  in   those   regions  which   during   the  summer    months 
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receive  more  than  80  per  cent  of  the  annual  rainfall,  and  consequently  have 
five  rainy  inonthB  and  practically  seven  of  drought.  Such  regions  are  those 
facing  the  China  Sea,  the  low  plains  extending  northward  and  eastward  from 
Manila  Bay,  the  moderately  high  and  hilly  lands  surrounding  these  plains,  and 
the  part  of  the  provinces  of  Luzon,  facing  the  southern  seas  with  mountains  to 
the  north.  The  same  climate  is  found  also  in  some  valleys  and  plateaus  extend- 
ing along  the  central  mountain  range  of  Luzon,  as  Baguio  (4780  feet  above  sea- 
level). 

The  second  climate  consists  of  eight  or  nine  months  of  rain  and  three  or 
four  of  drought,  the  percentage  of  rainfall  being  high  during  both  the  summer 
and  winter  season.  This  climate  prevails  in  the  eastern  and  south-eastern 
parts  of  Luzon,  and  in  the  central  Visayas,  where  the  North-easters  blow 
almost  without  any  obstacle. 

The  third  and  best  climate  is  that  which  results  from  a  fairly  even  distribu- 
tion of  the  rainfall  over  the  whole  year,  and  consequently  shows  a  quite 
uniform  percentage  for  the  three  different  seasons — summer  and  autumn, 
winter,  and  spring  months.  This  climate  is  found  south  of  the  fourteenth 
parallel  only,  being  enjoyed  by  some  regions  of  south-eastern  Luzon,  the 
eastern  Visayas,  Mindanao,  and  Jolo.  The  western  part  of  Mindanao,  as  is 
shown  by  the  records  of  Zamboanga,  is  the  region  of  the  whole  Archipelago 
which  receives  the  smallest  amount  of  annual  rainfall ;  but  this  deficiency  is 
largely  counterbalanced  by  a  fairly  regular  distribution,  so  much  so,  that  the 
tropical  climate  of  Zamboanga  is  considered  as  one  of  the  best  in  the  Archi- 
pelago. 

In  the  island  of  Luzon,  the  province  of  Nucva  Vizcaya,  situated  about 
1300  ft.  above  sea-level,  has  only  26*7  ins.  of  annual  rainfall,  but  this  is  very 
well  distributed.  The  adjacent  wide  and  long  valley,  comprising  the  provinces 
of  Isabela  and  Cagayan,  has  likewise  a  fairly  good  distribution,  in  fact  far 
better  than  that  in  the  western  provinces  of  Luzon.  The  rainfall  distribution 
at  Baguio,  4780  ft.  above  sea-level,  must  be  regarded  as  rather  abnormal,  due 
to  some  peculiar  local  conditions,  because  it  really  differs  from  that  observed  in 
the  other  highlands  of  the  Archipelago. 

A  few  stations  which  have  a  very  great  and  quite  abnormal  annual  rainfall 
must  be  mentioned.  These  are  Masinloc,  on  the  Zambales  coast  of  Luzon, 
facing  the  China  Sea,  with  157  ins.;  Mamburao,  on  the  western  coast  of 
Mindoro,  with  126  ins. ;  and  Tandag,  on  the  eastern  coast  of  Mindanao,  with 
174  ins.  Although  these  averages  are  based  on  the  observation  of  only  two 
years,  they  are  considered  to  be  sufficiently  reliable,  owing  to  the  special  local 
conditions  of  these  stations.  Masinloc  is  situated  at  the  head  of  a  large  bay 
open  to  the  China  Sea.  At  a  distance  of  a  few  miles  to  the  east  a  rather  steep 
mountain  range,  some  4000  ft.  high,  runs  in  a  north  to  south  direction. 
Hence  the  district  receives  the  full  force  of  the  Western  and  South-western 
winds,  which,  striking  the  near-by  slopes,  take  an  ascensional  movement,  and 
discharge  the  immense  amount  of  moisture  which  they  hold  upon  the  narrow 
strip  of  land  and  the  mountain  slopes.  The  location  of  Mamburao  is  very 
much  like  the  one  just  described.  Tandag  lies  likewise  at  the  head  of  a  bay, 
which  is  rather  small,  open  towards  the  north-east,  and  surrounded  by  hills 
covered  with  dense  forests.  The  moist  North-east  winds  rush  into  the  funnel- 
shaped  opening,  take  an  ascending  direction,  and  discharge  the  greater  part 
of  their  moisture  as  abundant  precipitation. 

The  following  is  a  summary  of  the  different  climatic  zones  of  the  Archi- 
pelago : — 

1.  Zone  of  very  definite  rainy  and  dry  seasons  : — 

The  western  coasts  of  Luzon,  from  Cape  Santiago  to  Cape  Bojeador,  includ- 
ing the  western  part  of  Manila  Bay ;  the  western  coasts  of  Mindoro  and  Panay 
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and  the  Calamianes  group  ;  the  central  plains  and  moderately  high  lands  of 
Luzon,  from  Batangas  to  Nueva  Ecija  and  Pangasinan  ;  the  region  of  Benguet 
The  yearly  amount  of  rainfall  is  above  80  ins.  in  the  western  section  and  in 
Benguet,  while  in  the  central  section  it  is  between  60  ins.  and  80  ins. 

2.  Zones  or  regions  with  loug  rainy  season,  including  the  summer,  autumn, 
and  winter  months,  and  consequently  with  a  very  short  dry  period  ; — 

The  northern  and  eastern  coasts  and  the  south-eastern  part  of  Luzon, 
including  the  Oagayan  and  Isabela  valleys ;  Batanes  and  Babuyanes  Islands ; 
the  central  Visayas,  as  Romblon,  western  Cebu,  northern  Panay,  and  Negros ; 
the  northern  part  of  Mindanao.  The  annual  amount  of  rainfall  is  very  great, 
above  120  ins.  in  northern  Panay ;  above  80  ins.  in  northern  and  eastern 
Luzon,  Batanes,  and  Babuyanes  islands,  northern  Negros,  and  Romblon ; 
moderate,  that  is,  below  80  ins.,  ii^  the  Cagayan  valley  of  Luzon  and  in 
northern  Mindanao. 

3.  Zones  with  more  or  less  uniform  distribution  of  rainfall  over  the  whole 
year : — 

The  south-eastern  end  of  Luzon;  the  eastern  Yisayas,  Masbate,  Samar, 
Leyte,  Bohol,  Camiguin,  eastern  Cebu,  eastern  and  southern  Negros  and 
Panay  ;  the  eastern  and  southern  coasts  of  Mindanao ;  Basilan  and  Jolo ;  the 
relatively  high  and  hilly  province  of  Nueva  Vizcaya  in  Luzon.  Within  these 
regions  the  annual  rainfall  surpasses  120  ins.  in  some  coast  stations  of  south- 
east Luzon,  eastern  Samar,  and  Mindanao.  In  the  rest  it  varies  between 
80  ins.  and  120  ins.,  except  in  eastern  Cebu,  south-west  Leyte,  southern  and 
central  Mindanao,  Basilan,  Jolo,  and  Nueva  Vizcaya  in  Luzon,  where  the 
yearly  amount  remains  below  80  ins. 
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MAP-STUDIES  OF  RAINFALL. 

By  HUGH  ROBERT  MILL,  D.Sc,  President. 

[An  Addreas  delivered  before  the  Royal  Meteorological  Society,  January  15,  1908.] 

(Plate  1.) 

It  is  good  for  a  Society  to  have  a  wide  range  of  selection  when 
appointing  a  President  for  the  year,  and  a  kindly  provision  which 
gives  the  occupant  of  the  chair  a  second  chance,  so  that  learning  by 
experience  he  may  haply  make  a  wiser  use  of  his  opportunities  after  the 
first  term.  Amongst  the  past  Presidents — not  a  few  of  whom  are 
happily  present — ^there  have  been  men  of  distinction  in  many  walks  of 
life  to  whom  the  science  of  meteorology  appealed  in  various  ways.  On 
examining  the  list  of  the  twenty-eight  previous  Presidents  (for  though 
there  were  thirty  previous  presidentships  two  served  the  office  twice) 
one  finds  that  they  were  as  nearly  equally  divided  as  the  total  number 
will  permit  between  astronomers,  medical  men,  engineers,  professed 
meteorologists,  and  others.  This  gives  variety  and  the  advantage  of 
numerous  points  of  view,  for  the  subject  and  treatment  of  the 
address  necessarily  depend  largely  on  whether  meteorology  was  to  the 
President  of  the  year  the  matter  of  his  daily  work,  a  science  related  to 
that  which  he  pursued,  an  aid  in  the  study  of  his  profession,  or  the  delight 
of  his  leisure  hours.  From  each  point  of  view  it  is  possible  to  see  some 
special  aspect  of  meteorology  in  a  fresh  light  and  in  a  way  that  appeals 
more  forcibly  than  any  other  to  particular  minds. 

Last  year  my  predecessor  opened  to  us  a  fascinating  chapter  of 
history  illuminated,  or  as  often  overshadowed,  by  the  influences  of 
weather.  That  address  appealed  delightfully  to  every  one  save  only 
the  unhappy  Presidentdesignate,  who  well  knew  that  he  could  not  bring 
forth  from  his  treasury  things  new  or  old  so  pregnant  with  human 
interest. 

Belonging  as  I  do  to  those  who  spend  their  whole  time  in  meteoro- 
logical work,  I  suffer  to  the  full  from  the  curse  of  the  specialist — want  of 
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time  to  keep  abreast  of  the  contemporary  progress  of  his  own  science  as  a 
whole.  Hampered  by  routine — which  must  be  fulfilled  at  fixed  dates, — 
one  in  my  position  finds  that  opportunities  of  conducting  researches, 
pondering  over  generalisations,  or  following  out  lines  of  thought,  even 
in  his  own  department,  occur  rarely  and  in  fragments.  Such  a  position 
predisposes  to  the  torture  of  Tantalus.  To  live  by  a  swirling  stream  of 
data  ^at  one  can  scarcely  keep  in  its  channel ;  to  see  lines  of  fruitful 
investigation  open  up  and  wheel  aside  like  the  f un*ows  of  a  ploughed 
field  from  a  railway  carriage ;  to  realise  with  each  recurring  year  that 
the  new  harvest  being  gathered  in  is  only  adding  to  the  store  which  is 
never  being  fully  utilised, — is  enough  to  make  the  most  fastidious 
purist  in  language  mix  his  metaphors. 

I  can  only  speak  on  such  an  occasion  as  this  of  my  own  work,  for 
it  leaves  me  no  time  to  look  at  other  things,  and  hence  I  invite  you, 
though  with  some  misgivings,  to  enter  the  rather  rough  and  infertile 
corner  of  the  great  field  of  meteorology  which  I  till,  and  to  see 
sometiiing  of  the  methods  which  appear  likely  to  lead  to  its  improvement. 
The  specialist  situated  as  I  have  indicated  can  at  least  claim  one 
advantage  over  the  student  of  many  books,  and  that*  is  no  small  one, 
for  he  learns  to  test  his  data  before  using  them  and  to  misdoubt  the 
conclusions  of  others  before  testing  them. 

I  must  speak  of  rain,  and  even  then  only  of  the  rain  that  falls  from 
the  currents  and  eddies  of  air  that  drift  across  these  islands  lying 
between  the  Continent  and  the  deep  sea.  The  special  problem  I  have 
before  me  (which  I  greatly  fear  I  may  have  to  leave  unsolved  behind 
me)  is  to  determine  the  normal  annual  rainfall  of  the  British  Isles  in 
relation  to  the  general  configuration  of  the  land,  and  to  ascertain  how 
the  rainfall  of  individual  years  and  months,  and  even  of  the  constituent 
showers,  is  related  to  the  normal. 

The  most  useful  method  of  working  towards  this  end  is  by  the 
preparation  and  study  of  maps  of  rainfall,  and  as  that  method  is  not  yet 
familiar  to  the  public,  or  even  to  some  persons  interested  in  meteorology, 
I  propose  to  attempt  in  this  address  to  deal  with  map-studies  of  rainfall. 
Time  has  not  come  my  way  to  allow  of  the  preparation  of  a  complete 
memoir,  and  I  can  present  this  only  as  a  fragmentary  contribution  to 
cartometric  hyetography. 

The  map  as  a  means  of  meteorological  expression  has  been  greatly 
used  by  the  weather  services  of  all  countries,  and  by  none  more 
effectively  than  by  our  own  Meteorological  Office.  I  can  claim  novelty 
for  nothing  I  have  to  say,  but  novelty  is  not  the  only  element  of  interest 
or  of  value  on  such  an  occasion  as  the  present. 

Eainfall  maps  are  by  no  means  new,  and  a  good  deal  has  been 
written  on  the  principles  which  ought  to  guide  their  construction. 
A  historical  review  of  the  subject  does  not  come  into  the  present  scheme, 
and  is  not  omitted  accidentally.  One  or  two  preliminary  points  have 
to  be  touched  on.  Isohyetal  lines,  i,e,  lines  which  divide  two  contiguous 
areas  in  one  of  which  the  rainfall  is  lower  and  in  the  other  higher  than 
a  given  amount,  are  precisely  similar  to  contour  lines  of  level,  or  isobars 
or  isotherms.  The  only  difference  in  constructing  a  rainfall  map  and  a 
map  of  temperature  or  pressure  is  that  no  correction  for  elevation  above 
sea-level  has  to  be  applied,  the  rainfall  depths  being  referred  to  the 
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actual  surface  of  the  land  at  the  place  of  observation ;  so  that  the  colour- 
ing of  a  rainfall  map  appeals  directly  to  the  eye,  presenting  the  actual 
conditions  without  any  qualification,  and  requiring  no  mental  correction 
as  a  pressure  or  temperature  map  does. 

The  distribution  of  rainfall  is  to  a  large  extent  dependent  on  the 
local  configuration  of  the  land,  and,  therefore,  it  is  necessary  to  have  a 
far  greater  number  of  points  from  which  to  construct  a  map  of  rain  than 
in  the  case  of  pressure,  which  is  an  affair  of  the  air  alone,  or  of 
temperature  on  which  the  influence  of  land  is  less  dominant. 

Thanks  to  the  remarkable  insight  and  unflagging  diligence  of  the 
late  Mr.  G.  J.  Symons,  the  number  of  observers  of  rainfall  in  the  British 
Isles  has  increased  from  a  few  hundreds  in  1860  to  more  than  4500  at 
the  present  time.  These  observers  are  actuated  by  many  motives; 
but  the  work  being  done  for  their  own  purpose,  they  all  send  in  their 
records  to  the  historic  Eainfall  house  in  Camden  Square,  where  Symons 
brought  the  British  Eainfall  Organisation  to  maturity,  and  where  all  the 
records  collected  by  him  and  since  his  time  are  preserved  for  reference. 
A  few  of  the  records  received  every  year  are  bad,  a  considerable 
number  indifferent,  but  the  vast  majority  are  of  surprising  excellence, 
showing  an  amount  of  vigilance  and  conscience  that  do  honour  to  the 
community.  Every  record  that  is  received  is  critically  examined,  and 
many  en*ors  are  detected  and  corrected  as  a  result  of  the  comparison  of 
one  record  with  its  neighbours.  The  total  annual  rainfall  is  published  in 
BrUish  BainfaM,  and  various  aspects  of  the  fall  of  rain  in  space  and  time 
are  discussed  with  some  detail.  It  is  not  necessary  to  refer  at  present  to 
these  discussions.  They  are  conducted  on  the  broad  lines  laid  down 
by  Mr.  Symons,  and  where  they  have  varied  from  the  traditional  mode 
of  treatment  it  is  mainly  by  the  development  of  cartographic  and 
cartometric  methods. 

The  material  for  map  studies  of  British  rainfall  is  contributed  by 
the  thousands  of  observers  past  and  present,  whose  organised  and  united 
work  forms  a  vast  structure  of  mutually  supported  facts  such  as  it 
falls  to  the  lot  of  few  men  of  science  to  deal  with.  To  these  observers 
students  of  meteorology  owe  a  debt  that  we  can  scarcely  realise,  and  are 
quite  powerless  to  acknowledge  adequately ;  bat  it  is  impossible  for  me 
to  touch  on  this  subject  before  this  audience  without  offering  the  tribute 
of  the  fullest  recognition  to  the  rainfall  observers  of  the  country.  - 

When  the  philosopher  Kant  divided  the  communication  of  experience 
into  two  categories  :  the  historical  or  relation  in  order  of  time,  and  the 
geographical  or  relation  in  order  of  space, — he  suggested  the  two  methods 
of  treating  all  natural  phenomena  subject  to  variation  in  different 
places  at  the  same  time,  and  at  different  times  in  the  same  place.  The 
historical  method  of  studying  rainfall  is  the  more  attractive,  for  it  leads  us 
into  the  temptation  of  endeavouring  to  project  the  light  of  the  past  upon 
the  future,  and  by  observing  former  recurrences  of  wet  and  dry  periods  to 
predict  what  the  next  year  or  month  will  bring  forth.  I  do  not  say 
that  this  path  of  research  should  not  be  pursued,  but  it  is  both  difficult 
and  dangerous.  Although  even  cycle-hunts  are  not  to  be  discouraged 
when  the  scientific  sportsman  is  gifted  with  a  critical  and  unbiassed 
mind,  at  present  I  am  only  treading  the  safe  and  unadventurous  path 
of  geographical  distribution,  and  I  think  there  are  reasons  for  believing 
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that   that  path  may   lead   us  far   towards  more   than   one   important 
conclusion. 

In  considering  the  distribution  of  rainfall,  as  in  considering  any 
other  problem  scientifically,  we  require  to  use  terms  with  a  definite 
meaning,  and  I  hope  that  I  may  be  excused  for  assigning  definite 
meanings  to  familiar  English  words  instead  of  importing  classical  terms 
which,  despite  a  grander  display  of  syllables,  can  mean  no  more.  For  con- 
venience I  use  the  term  mean  as  indicating  the  sum  of  any  number  of  figures 
divided  by  that  number,  reserving  the  word  average  for  the  mean  of  a 
number  of  figures  representing  values  in  order  of  time.  Thus  the  mean  of 
thirty  annual  rainfall  values  is  spoken  of  as  the  average  rainfall  for  thirty 
years.  The  mean  of  a  number  of  uniformly  distributed  figures  representing 
the  distribution  of  rainfall  in  space  I  speak  of  as  the  general  rainfall  of  the 
area  concerned ;  thus  the  mean  depth  of  rainfall  over  England  for  any  day, 
month,  or  year,  is  the  general  rainfall  of  England  for  that  particular  day, 
month,  or  year.  The  mean  of  the  general  rainfall  of  England  for 
thirty  years  is  expressed  as  the  average  general  rainfall  of  England  for 
thirty  years.  A  line  passing  through  points  having  the  same  rainfall  is 
an  isohyetal  line,  or  isohyet — the  term  having  been  already  introduced  is 
retained  on  account  of  its  similarity  to  isotherm  and  isobar.  The  line 
joining  successive  positions  of  the  centre  of  an  atmospheric  depression  or 
cyclone  is  the  trade  of  the  depression.  The  isohyetal  lines  representing 
the  distribution  of  rainfall  in  a  shower  may  be  termed  the  splash  of  the 
rainfall,  and  the  isohyets  representing  the  rainfall  of  one  or  several  days 
for  a  considerable  stretch  of  country  along  the  track  of  a  depression, 
which  is  the  generalisation  of  a  succession  of  splashes,  may  be  called  the 
smear  of  the  rainfall  of  that  depression.  These  are  all  the  special  terms 
which  it  will  be  necessary  to  use. 

The  map  which  forms  the  basis  of  any  work  on  the  geographical 
method  must,  of  course,  be  accurate  and  expressive.  Fortunately  we  have 
in  the  work  of  the  Ordnance  Survey  a  basis  of  unimpeachable  accuracy 
reproduced  on  a  great  variety  of  scales.  The  six-inch  map  is  rarely  re- 
quired in  rainfall  work,  except  for  the  purpose  of  ascertaining  the  altitude 
of  stations  above  sea-level,  and  the  one-inch  map  is  useful  mainly  in 
fixing  the  exact  position  of  gauges.  For  the  purpose  of  preparing  maps 
of  the  rainfall  of  counties,  or  similar  small  areas,  the  quarter-inch  scale  is 
the  most  convenient,  the  hill-shading  in  the  new  edition  being  very 
effective ;  and  in  a  few  instances  the  half-inch  maps  combining  both  hill- 
shading  and  contours  can  be  utilised.  Bartholomew's  series  of  maps  on  the 
scale  of  half  an  inch  to  a  mile  is  in  some  cases  a  better  basis  for  rainfall 
work  than  the  Ordnance  Survey  maps  on  the  same  scale,  on  account  of 
the  greater  contrast  presented  between  high  and  low  land,  and  the  absence 
of  the  too  conspicuous  colouring  of  woodlands  which,  from  the  present  point 
of  view,  are  distracting  features  on  the  Ordnance  Survey  coloured  sheets. 

In  mapping  the  rainfall  of  the  British  Isles,  it  is  convenient  to  have 
the  whole  country  represented  on  one  sheet  with  a  great  number  of  place- 
names  by  which  to  find  the  position  of  stations  easily  and  exactly.  For 
this  purpose  the  10-mile-to-an-inch  Ordnance  Survey  map  is  too  large, 
and  I  generally  use  a  special  edition  of-  Bartholomew's  Bailway  Map,  on 
the  scale  of  19  miles  to  an  inch,  and  measuring  34  ins.  by  30  ins.  It  is 
printed  in  pale  grey  so  that  pen-work  stands  out  clearly  upon  it,  and 
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there  are  two  tints  of  shading  distinguishing  the  land  oyer  500  feet  and 
over  1000  feet  above  sea-level  respectively.  For  purposes  of  semi- 
diagrammatical  representation  it  is  sufficient  to  use  a  mere  outline  map, 
perhaps  with  a  few  rivers  and  names  to  guide  the  eye ;  but  in  such  cases, 
for  instance,  as  the  rainfall  maps  published  in  the  Monthly  Weather 
Reporty  the  isohyets  are  copied  from  the  original  plotting  on  detailed 
maps  on  a  much  larger  scale.  The  map  of  rainfall  expressed  by  means 
of  isohyetal  lines  may  be  used  either  qualitatively,  as  representing  the 
distribution  of  rain  in  a  graphic  form,  or  quantitatively,  for  the  purpose 
of  measuring  the  amount  of  rain  falling  on  a  given  area.  The  former 
purpose  will  claim  most  of  our  attention  this  evening,  although  the  latter 
is  no  less  important. 
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Fig.  1. — Map  showing  the  Detection  of  an  Erroneous  Return. 

The  first  use  of  maps  in  the  routine  of  the  collection  of  data  in  the 
office  of  British  Rainfall  is  as  a  detective  agency  for  the  discovery  of 
accidental  errors.  The  monthly  totals  from  about  700  stations  are 
entered  upon  a  map  of  the  British  Isles  as  they  are  received,  and  isohyetal 
lines  are  drawn  for  each  inch,  and  sometimes,  when  the  range  of  rainfall 
is  small,  for  each  half-inch.  It  is  almost  always  found  that  the  rainfall 
varies  from  point  to  point  in  a  regular  manner,  though  not  always  in  the 
same  way,  and  when  one  figure  is  observed  much  larger  or  much  smaller 
than  those  surrounding  it,  a  careful  examination  of  the  record  almost  in- 
variably shows  it  to  be  in  error.  A  neat  example  is  shown  in  the 
annexed  map  (Fig.  1),  which  gives  in  tenths  of  an  inch  the  rainfall  for  a 
month.  The  figure  60  north  of  Winchester  was  ultimately  acknowledged 
by  the  observer  to  be  a  mistake  for  36.  When  the  same  station  shows  a 
discordant  figure  month  after  month,  the  error  is  almost  always  traced  to 
some  imperfection  of  the  rain  gauge  or  some  mistake  in  its  exposure.  Wilful 
errors  on  the  part  of  observers  are  so  very  rare  that  I  cannot  say  I  have 
ever  been  able  to  satisfy  myself  as  to  one.     Now  and  again,  it  is  true,  an 
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individual  anxious  to  prove  the  dryness  of  his  neighbourhood  may  neglect 
small  falls,  now  and  again  another  may  give  undue  importance  to  such 
small  falls,  but  as  a  rule  observers'  errors  are  due  to  honest  mistakes  or 
simple  carelessness.  The  commonest  sources  of  systematic  error  are 
reading  the  gauge  at  some  hour  other  than  9  a.m.,  or  entering  the  result 
to  the  date  of  reading  instead  of  to  the  previous  day.  It  is  obvious 
that  erroneous  returns  are  most  easily  detected  in  the  crowded  parts  of 
the  map. 

Annual  returns  are  plotted  in  the  same  way,  but  the  figures  to  place 
upon  the  map  now  amount  to  thousands  instead  of  hundreds,  and  the 
isohyets,  which  can  be  defined  with  much  greater  detail,  must  be  drawn 
at  intervals  of  5  or  sometimes  10  inches ;  but  the  discordance  of  erroneous 
observations  is  none  the  less  apparent,  and  errors  due  to  instrumental 
deficiencies  which  were  too  small  to  show  in  the  monthly  figures  may 
emerge  into  prominence  on  the  annual  map.  The  comparison  of  one 
record  with  a  number  of  others  in  MS.,  or  in  printed  form,  is  a  slow  and 
tedious  process,  whereas  the  comparison  of  the  figures  placed  upon  a  map 
is  simultaneous  and  almost  automatic. 

The  detail  with  which  the  isohyetal  lines  can  be  drawn  depends  on 
the  number  of  points  for  which  data  are  available  and  on  the  uniformity 
of  their  distribution.  Cases  occur,  however,  where  irregular  distribution 
is  a  help,  when,  as  rarely  happens,  observations  are  most  numerous  in 
places  where  the  rainfall  changes  much  in  a  short  distance,  and  least 
numerous  in  places  where  there  is  little  variation. 

The  rainfall  map,  after  plotting  all  available  figures  and  before  drawing 
the  isohyets,  makes  those  parts  of  the  country  where  observations  are 
fewest  very  conspicuous  by  their  blankness,  and  so  directs  attention  to 
the  districts  where  additional  observers  have  to  be  sought.  Attention 
may  be  called  incidentally  to  a  method  of  representing  the  density  of 
population  of  rainfall-  observers,  who  number  about  1  in  10,000  of  the 
population  of  the  British  Isles,  by  shading  distinctively  the  areas 
where  there  are  more  than  twenty  rain  gauges  in  each  100  square  miles, 
those  in  which  there  are  more  than  one  rain  gauge  in  each  100  square  miles, 
those  areas  more  than  5  miles,  and  those  more  than  10  miles  from  the 
nearest  rain  gauge  (see  Plate  1). 

On  a  large  scale  map  it  is  impossible  to  draw  isohyets  across  the 
blank  spaces  with  any  confidence  as  to  minute  accuracy,  though  the  general 
run  of  the  lines  can  usually  be  approximated  to  by  following  the 
prominent  physical  features  of  the  country,  or  by  preserving  a  general 
congruence  with  the  curves  for  which  there  are  data  sufficient.  It  is 
difficult  as  yet  to  lay  down  rules,  but  experience  brings  facility  in  over- 
coming these  difficulties,  and  two  persons  accustomed  to  draw  such  maps 
usually  arrive  at  the  same  results.  There  is  particular  gratification  when, 
as  has  more  than  once  occuiTed,  returns  from  the  centre  of  a  blank  area 
have  come  in  after  the  map  was  drawn,  and  the  observed  value  fits  so 
well  that  it  does  not  require  a  line  to  be  deviated  for  its  accommodation. 
Ultimately  it  may  be  found  possible  to  formulate  certain  relations  of 
distance,  altitude,  and  configuration,  which  will  enable  us  to  deduce  with 
certainty  the  distribution  of  rain  in  an  area  without  observers,  provided 
it  is  surrounded,  though  perhaps  at  a  considerable  distance,  by  rainfall 
stations. 
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The  study  of  daily  rainfall  by  making  isohyetal  maps  is  beset  by  a 
few  special  difficulties.  The  record  used  must  be  "  perfect,"  that  is  to 
say,  it  must  represent  the  result  of  examining  the  rain  gauge  at  9  a.m. 
on  every  day  in  the  year  whether  rain  has  fallen  or  not,  and  the 
amounts  must  be  entered  to  the  date  of  the  commencement  of  the  24 


Fio.  2.— Map  of  Heavy  Rain. 

hours  the  reading  for  which  is  recorded.  Although  every  year 
shows  improvement  in  the  directions  of  accuracy  and  uniformity,  it  is 
still  very  difficult  to  draw  a  rainfall  map  of  a  large  area  for  a  day  of 
light  rainfall.  The  rainfall  of  two  days  is  apt  to  be  confused,  or  a  small 
fall  may  be  omitted  on  its  proper  day  and  swell  the  amount  on  some 
other  date.  In  the  case  of  a  very  wet  day,  say  the  wettest  day  of  the 
year,  for  any  small  area,  mapping  becomes  quite  easy,  and  one  may  have 
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complete  confidence  in  the  result.  Falls  of  more  than  one  inch  of  rain 
as  a  rule  stand  out  conspicuously,  and  serve  as  index  marks  by  which 
the  trick  of  entering  the  readings  to  the  "wrong  day"  may  in  most 
cases  be  readily  detected. 

For  the  last  seven  years  maps  of  the  rainfall  on  the  wettest  days 


AUGUST    24TH-26TH,  1905. 


Fio.  8.— Map  of  Heavy  Rain. 

have  appeared  in  each  issue  of  British  Rainfall^  and  the  study  of  these 
maps  reveals  some  interesting  facts.  A  heavy  rainfall,  it  is  seen,  rarely 
prevails  over  a  wide  area,  and  it  is  sometimes  very  restricted  indeed. 
Two  types  of  rain  distribution  on  wet  days  may  be  distinguished  as  (a) 
the  small,  narrow,  and  often  radiating  splashes  of  thunderstorm  rains,  and 
(5)  the  wide  uniform  smears  of  the  rain  accompanying  cyclonic  dis- 
turbances.    Both  varieties  of  heavy  rain  have  this  in  common,  that  they 
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fall  impartially  on  high  ground  or  low  ground,  their  incidence  and  out- 
line showing  no  apparent  relation  to  the  configuration  of  the  country. 
It  seems,  on  studying  the  maps  of  a  large  number  of  wet  days,  that  the 
causes  determining  the  fall  of  the  rain  on  these  occasions  are  to  be 
sought  in  the  air  alone,  and  that  at  a  level  so  far  above  the  surface  that 
inequalities  of  ground,  even  amounting  to  several  thousand  feet,  are 
without  direct  influence  upon  them.  It  is  perhaps  too  soon  to  speak 
with  certainty  on  this  subject,  as  heavy  falls  of  the  two  types  on 
individual  days  have  not  yet  been  mapped  in  every  part  of  the  British 
Isles — nor  very  often  in  any  part ;  such  instances  as  are  available  point 
to  the  general  conclusion  stated. 

The  natural  unit  to  adopt  in  mapping  heavy  precipitation  is  not  the 
day,  for  heavy  falls  of  the  thunderstorm  type  are  of  such  intensity 
that  the  full  amount,  even  up  to  three  or  four  inches,  usually  falls  in 
from  one  to  three  tours  only ;  whereas  heavy  falls  of  the  cyclonic  type 
are  usually  gentler,  but  more  persistent  in  character,  so  that  the  pre- 
cipitation may  require  many  hours  in  which  to  accomplish  itself, 
and  may  even  extend  without  intermission  over  parts  of  three  days. 
The  remarkable  cyclonic  rain  of  June  13-15,  1903,  in  the  lower  valleys 
of  the  Thames  and  Lee  lasted  for  close  on  60  hours.  Thus  in  mapping 
thunderstorm  rains  the  day  is  so  long  a  time  that  there  is  a  risk  of 
including  more  than  one  storm,  and  so  losing  the  characteristic  outline 
and  variation  of  intensity  of  the  single  splash.  In  the  case  of  cyclonic 
rains,  on  the  other  hand,  the  day  is  often  too  short,  and  only  takes  account 
of  a  portion  of  the  shower.  There  are  many  cases  where  a  day's  rain  is 
entirely  due  to  one  thunderstorm,  and  many  where  the  whole  of  a  cyclonic 
storm  is  included  within  a  day ;  but  it  more  often  happens  that  the 
onward  movement  of  the  cyclonic  system  requires  account  to  be  taken 
of  the  fall  of  two  or  three  days. 

Put  broadly,  we  may  say  that  heavy  rains  of  both  types  are  due  to 
purely  meteorological  causes,  and  their  elucidation  must  be  sought  in  the 
configuration  of  the  atmosphere  as  revealed  by  changes  of  pressure. 
Thunderstorm  rains  as  a  rule  may  be  associated  with  squalls,  cyclonic 
rains  with  storms,  and  the  distribution  of  the  rain,  as  has  already  been 
pointed  out,^  bears  a  definite  relation  to  the  track  of  the  depression 
producing  it. 

As  there  are  few  really  good  records  from  self-recording  rain  gauges 
available,  it  is  not  possible  to  trace  the  travel  of  the  rain-splash  across 
the  country,  or  to  take  account  of  its  variation  in  size  and  form.  In  the 
case  of  the  storm  of  November  11  and  12,  1901,  when  the  cyclone  track 
crossed  Ireland  and  England  from  west  to  east,  the  smear  of  the  rain 
splash  of  the  11th  lay  on  the  left  of  the  track,  and  embraced  nearly  the 
whole  of  Ireland,  the  west  and  north  of  Wales,  and  ended  with  a  nearly 
semicircular  front  in  Yorkshire ;  while  the  smear  of  the  rain-splash  of 
the  1 2th  began  in  the  north-west  of  Ireland  and  extended  to  the  east  coast 
of  Great  Britain  from  Berwickshire  to  Lincolnshire.  Had  it  been 
possible  to  ascertain  the  rainfall  for  each  12  hours  the  smear  could,  of 
course,  be  dissected  into  four  overlapping  splashes,  the  fronts  of  which 

*  ^  •*  On  the  Unsymmetrical  Distribution  of  Rainfall  about  the  Path  of  a  Barometric  De- 
pression." Jtqfort,  British  Association,  1904,  p.  480,  and  Symons's  Meteorological  Magccsinty 
89  (1904),  pp.  161-165. 
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would  indicate  to  some  extent  the  relation  of  the  rain  area  to  the 
advancing  cyclone.  When  the  splashes  of  the  two  days  are  united  to 
give  one  smear,  we  find  a  broad  band  of  rainfall  exceeding  an  inch 


Fig.  4. — Isochronic  Map  of  Christmas  SnowRtorm,  1906. 

stretching  with  a  breadth  of  200  miles  across  the  country  from  coast  to 
coast  on  the  left  of  the  track  of  the  depression.  There  is  no  reason  to 
suppose  that  such  precipitation  is  less  heavy  over  the  sea  than  over  the 
land. 
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The  commencement  of  a  snowstorm  is  more  easily  noted,  and  more 
likely  to  attract  attention  than  that  of  a  shower  of  rain,  and  in  the 
case  of  the  Christmas  snowstorm  of  1906  it  was  possible  to  prepare  maps 
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Fio.  6. — Specimens  of  Rain-Splashes. 

showing  isochronic  lines  as  well  as  lines  of  equal  depth  of  snow ;  and  it 
is  instructive  to  note  that  along  the  axis  of  greatest  depth  of  snow  the 
isochronic  lines  show  a  distinct  bend  forwards,  indicating  that  the  phase 
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of  the  storm  waa  earliest  along  this  belt  which  lay  parallel  to  the  track 
of  the  depression  and  on  its  left  (Fig.  4). 

A  third  example  of  the  combination  of  the  rain-splashes  of  individual 
days  into  a  continuous  smear — this  time  in  the  case  of  a  small  and  shallow 
depression  pursuing  a  looped  path  curving  to  the  left^  so  that  the  area 
of  heaviest  rain  was  always  on  the  inner  side  of  the  loop — is  afforded  by 
the  memorable  storm  of  June  13-15,  1903,  when  rain  fell  continuously 
for  about  60  hours  (Fig.  5,  last  three  maps).  On  the  13th,  when  the 
depression  was  passing  from  the  Bristol  Channel  past  the  Isle  of  Wight 
towards  the  coast  of  France,  no  rain  fell  on  the  Welsh  mountains  or  on 
Dartmoor,  or  in  the  Lake  District,  while  more  then  one  inch  was  deposited 
in  five  areas  in  the  Thames  Valley,  the  largest  being  the  farthest  east  on  the 
comparatively  low  ground  of  the  valleys  of  the  Lee  and  the  Medway. 
A  splash  of  more  than  an  inch  also  occurried  in  the  valleys  of  the  Don 
and  Humber,  the  southern  and  northern  wet  areas  being  separated  by  a 
broad  belt  of  country  where  less  than  half  an  inch  was  recorded.  On  the 
14th,  while  the  depression  was  nearly  stationary  in  the  Channel  for  many 
hours,  and  afterwards  moved  north-eastwards  through  the  Strait  of  Dover, 
and  thence  parallel  to  the  coast  of  East  Anglia,  the  Welsh  mountains, 
Dartmoor,  and  the  whole  north  of  England  had  again  less  than  half  an 
inch  of  rain,  while  a  broad  belt  with  more  than  an  inch  stretched  straight 
across  England  from  the  estuary  of  the  Severn  to  that  of  the  Thames. 
Within  this  area  four  splashes  of  more  than  two  inches  occurred  in  line 
from  west  to  east — one  on  Exmoor,  two  in  the  Thames  Valley,  and  the 
largest  and  heaviest  on  the  flat  plain  of  Essex.  On  the  15th,  when  the 
track  of  the  depression  doubled  on  itself,  and  struck  across  England  from  the 
Wash  south-westward  to  near  Southampton  Water,  the  splash  of  over 
one  inch  of  rain  lay  parallel  to  the  track  some  distance  to  the  south  of  it. 
This  again  lay  mainly  in  the  Thames  Valley,  this  time  covering  part  of 
the  Cotteswolds,  the  Marlborough  Downs,  and  the  Chilterns,  but  continu- 
ing in  a  narrower  band  through  the  eastern  plain  in  Essex  and  Suffolk. 

When  the  total  rainfall  of  the  three  days  is  plotted  on  a  map  the 
smear  of  the  rain,  which  in  this  case  is  doubled  on  itself,  like  the  smear 
of  a  paint-brush  worked  to  and  fro,  is  seen  to  be  very  extensive  for  the 
area  over  1  inch.  A  small  area  on  Exmoor,  and  a  very  large  area 
stretching  east  and  west  from  the  Bristol  Channel  to  the  coast  of 
Suffolk  and  the  Thames  estuary,  has  a  fall  exceeding  2  inches;  and, 
symmetrically  arranged  within  this,  a  similar  area  reaching  from 
Marlborough  to  the  coast  of  Essex  with  more  than  3  inches.  Within 
the  3-inch  belt  four  areas  with  more  than  4  inches  of  rain  are  arranged 
in  line  from  west  to  east.  The  high  land  of  the  Cotteswolds,  Salisbury 
Plain,  and  the  North  Downs,  come  just  within  the  area  of  more  than  2 
inches  of  rainfall.  The  area  over  3  inches  covers  the  Chiltem  Hills,  but 
shows  a  higher  rainfall  over  the  Oxford  and  the  Essex  plains,  and  the 
4-inch  patches  are  larger  and  heavier  towards  the  east  in  the  centre  of 
the  sweep  of  the  depression's  path.  The  relation  of  the  amount  of 
rainfall  is  thus  with  the  atmospheric,  and  not  the  terrestrial,  configuration. 

The  linear  arrangement  of  rain-splashes  in  the  map  of  a  wet  day 
suggests  that  there  is  some  periodic  increase  and  decrease  of  the  intensity 
of  rainfall  in  an  advancing  shower  which  is  not  generalised  away  by  the 
consideration  of  24  hours  instead  of  the  shower  unit.     One  of  the  best 
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examples  of  this  was  presented  on  July  26,  1904,  in  a  thunderstorm  rain, 
a  type  more  apt  to  show  this  characteristic  than  the  cyclonic  (Fig.  6). 

These  instances  fairly  illustrate  the  independence  of  surface  relief 
shown  in  the  intensity  or  distribution  of  great  showers,  and  the  close 
relation  they  bear  to  the  passing  minima  of  pressure. 

Proceeding  now  to  maps  of  the  rainfall  of  a  longer  period  such  as  a 
month,  the  total  amount  of  which  is  often  less,  though  usually  more, 
than  that  of  one  of  the  wettest  days,  we  find  a  curious  divergence  in 
character.  Some  months  present  a  close  resemblance  in  type  to  a  wet 
day,  or   to  a  long   cyclonic  rain,  the  rain   showing  little   regard   to 

JULY  26TM  ,   I90-^. 
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Fio.  6. — Lmear  Arrangemeut  of  Rain-Splashes. 

configuration  of  the  ground;  and  this  is  not  surprising,  since  it  is  no 
imcommon  occurrence  in  summer  for  more  than  half  of  the  rainfall  of  a 
month  to  fall  in  a  thunderstorm  on  a  single  afternoon,  or  for  this  to  occur 
at  any  time  in  a  prolonged  cyclonic  rain.  Thus  the  three  days,  June 
13-15,  determine  the  character  of  the  rainfall  map  of  June  1903  (Fig.  7). 
On  account  of  the  great  variation  in  the  rainfall  of  a  month,  from 
nothing  up  to  6  or  10  or  more  inches,  a  very  long  period  is  necessary 
before  average  values  can  be  secured  which  would  not  be  considerably 
affected  by  the  addition  of  a  month  of  minimum  or  maximum  rainfall. 
Thus  if  the  average  rainfall  of  one  month  for  30  years  is  4*00  ins.,  the 
average  for  31  years  would  be  raised  to  4' 19  ins.  if  the  rainfall  of  that 
month  in  the  thirty-first  year  were  10*00  ins.,  and  reduced  to  3'87  ins. 
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if  the  rainfall  were  nothing,  the  difiference  to  be  expected  being  a  range 
of  8  per  cent.  If  the  period  were  increased  to  50  years  the  corresponding 
range  would  be  only  5  per  cent,  and  there  are  no  records  long  enough 


THE  BRITISH  ISLES 


Fig.  7.— Map  of  Abnormal  Monthly  RainfaU. 

to  reduce  the  range  appreciably  below  this  figure.  Hence  it  is  practically 
impossible  to  compile  an  average  map  of  monthly  rainfall  from  which  the 
disturbing  influence  of  occasional  very  wet  days  would  be  eliminated. 

As  a  rule,  however,  monthly  maps  of  rainfall  closely  resemble  each 
other  in  their  general  character,  and  if  we  disregard  those  amongst  them 
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which  bear  the  impress  of  one  particularly  wet  day  or  spell,  we  cannot 
but  be  struck  by  the  close  relation  which  the  amount  of  rainfall  bears  to 
the  configuration  of  the  land.    The  monthly  rainfall  map,  in  fact,  is  usually 


flAINFALL 


Fio.  8.— Rainfall  Map  of  Wettest  Year. 

a  blurred  impression  of  the  hypsographical  map ;  the  region  where  high 
land  prevails  is  that  where  high  rainfall  prevails,  and  the  region  of  low 
land  is  the  region  of  low  rainfall,  whether  it  be  inland,  or  on  the  east 
coast,  or  on  the  west  coast,  while  there  is  reason  to  believe  that  the 
general  rainfall  over  the  sea  is  less  than  that  over  the  land. 
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The  total  rainfall  of  a  year,  when  plotted,  rarely  shows  much  influence 
of  individual  wet  spells,  and  a  collection  of  annual  rainfall  maps  does  not 
present  the  diversity  of  feature  found  in  a  collection  of  monthly  maps. 
The  general  resemblances  are  so  great,  and  the  diversities  so  unimportant 
that,  speaking  broadly,  the  run  of  the  isohyetal  lines  is  similar  for  the 
wettest  or  the  driest  year  on  record,  for  1872  or  1887 :  though  the  general 
rainfall  for  the  whole  of  the  British  Isles  was  53*0  ins.  in  the  former  case, 
and  only  30*5  ins.  in  the  latter.  An  average  map  was  prepared  in  1903  ^ 
for  the  period  1870-99,  30  years,  based  upon  a  selected  list  of  380 
stations  for  which  30  continuous  years  of  observations  were  avaibble,  and 
raised  to  1050,  by  including  somewhat  shorter  records  reduced  by  calcula- 
tion to  the  equivalent  amounts  for  30  years.  The  general  rainfall  of  the 
British  Isles  deduced  from  this  average  map  was  3  9 '5  ins.  The  stations 
were  as  nearly  equidistant  as  possible,  and  the  isohyetal  lines  were  drawn 
with  reference  to  the  figures  solely  on  a  map  devoid  of  natural  features, 
either  land-relief  or  rivers.  The  result  was  to  confirm  a  fact  that  had 
long  been  accepted  as  true,  viz.,  that  the  rainfall  was  greatest  in  the 
neighbourhood  of  high  land  or  diversified  country,  and  least  on  low  or 
level  ground.  In  fact,  the  map  of  average  rainfall  presented  a  closer 
resemblance  to  the  map  of  configuration  than  did  any  of  the  rainfall 
maps  of  individual  years,  and  it  might  be  said  to  be  a  less  blurred 
impression  than  they.  The  isohyets  were  similar  in  their  direction  to 
the  isohyets  of  individual  years,  though  no  year  is  a  precise  duplication 
of  any  other  either  as  regards  relative  distribution  or  actual  amount  of 
rain,  and  in  1903,  at  least,  the  influence  of  an  unprecedentedly  wet  period 
in  a  dry  region  is  distinctly  shown. 

Much  more  detailed  pieces  of  mapping  have  since  been  done  of 
counties,^  and  groups  of  counties,  and  in  every  case  the  distribution  of 
average  rainfall  for  a  period  of  35  years  has  been  found  to  show  a 
detailed  relation  to  the  configuration  of  the  land.  The  best  instance  of 
this  is  to  be  found  in  the  map  of  Kent  and  Sussex,  with  portions  of 
adjacent  counties,  where  the  influence  of  the  hills  and  valleys  of  the 
south-east  of  England  on  the  distribution  of  rainfall  is  beautifully  shown. 
So  close  is  the  relation  where  observations  are  numerous,  that  it  seems 
reasonable  to  cross  bare  places  by  following  the  lines  of  the  configuration 
of  the  land.  It  must  be  remembered  that  in  drawing  a  line  through  an 
irregular  group  of  determining  figures  we  have  to  be  guided  by  probability, 
and  that  to  rule  a  straight  line  between  two  points  that  are  fairly  fixed 
is  in  most  cases  to  adopt  the  least  probable  route  that  could  be  imagined ; 
the  contour  lines  of  level  usually  suggest  the  outline  of  the  most  prob- 
able route  from  point  to  point. 

The  present  address  is  concerned  with  methods,  not  with  results,  but 
I  can  hardly  touch  on  this  part  of  the  subject  without  pointing  out  that 
the  side  of  a  mass  of  high  land  which  faces  the  prevailing  wind  shows  a 
comparatively  gentle  and  fairly  uniform  increase  of  rainfall  with  elevation, 
that  the  increase  continues  beyond  the  summit  for  a  short  distance,  and 
is  then  succeeded  by  a  much  more  rapid  decrease  of  rainfall  as  the  height 
diminishes.     Such  a  relationship  is  to  be  expected  only  when  the  hills 

1  Minutes  qf  Proceedings,  Inst.  CE.,  vol.  150  (1908-4),  Part  I. 

"  See  the  Water  Supply  Memoirs  of  the  Geological  Survey  for  the  counties  of  Lincoln, 
Suffolk,  York  (East  Riding),  Bedford,  Northampton,  Kent,  Sussex  and  Oxford. 
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are  of  moderate  height ;  if  it  were  a  case  of  lofty  mountains  rising  above 
the  snow-line,  the  increase  of  precipitation  would  cease  before  the  summit 
was  reached.  Slope  probably  plays  an  important  part  in  determining  how 
far  beyond  the  crest  the  maximum  precipitation  occurs,  and  there  is  an 
immense  amount  of  work  to  be  done  before  the  details  of  the  relationship 
can  be  fully  stated.  While  the  relations  that  have  been  ascertained  can  be 
legitimately  used  as  a  guide  in  drawing  isohyetal  lines  in  desolate  places, 
and  may  justify  doubt  and  inquiry  in  instances  of  gross  discrepancy,  I  do 
not  think  it  is  permissible  for  merely  theoretical  considerations  to  over-ride 
the  evidence  of  a  direct  observation  with  which  no  fault  can  be  found. 

The  average  rainfall  map  may  be  taken  as  showing  the  effect  of  the 
interaction  of  the  permanent  configuration  with  the  prevailing  or  average 
wind ;  but  in  individual  years  the  wind  may  vary  considerably  both  as 
regards  mean  direction  and  mean  force,  and  the  effect  of  these  variations 
remain  for  future  study. 

Experience  shows  that  when  maps  of  individual  years  are  constructed 
to  show,  not  actual  rainfall  in  inches,  but  difiference  from  the  average  in 
percentages,  certain  tracts  of  country  may  be  shown  to  be  persistently 
above  or  below  the  average  for  several  years  at  a  time.  The  fact  that 
the  outlines  of  these  tracts  are  often  parallel  to  the  usual  paths  of 
depressions  suggests  the  idea  that  in  certain  years,  perhaps  in  several 
successive  years,  the  paths  followed  by  the  depressions  bringing  the 
heavy  rain  that  falls  irrespective  of  the  form  of  the  ground  may  be 
diverted  to  the  north  or  the  south  of  their  usual  course,  or  that  more 
cyclones  may  follow  one  or  another  of  the  recognised  tracks,  and  so  create 
differences  in  the  distribution  of  rainfall  quite  independent  of  such 
changes  as  many  occur  in  its  quantity.  At  present  we  are  not  in  a 
position  to  investigate  this  part  of  the  subject,  because  the  average 
rainfall  maps  now  in  existence  are  not  detailed  enough ;  but  when  the 
series  of  complete  annual  maps  of  rainfall  now  being  compiled  at  the 
expense  of  a  rainfall  observer  is  completed,  it  should  be  possible  to 
combine  them  in  some  way  so  as  to  yield  a  map  of  average  rainfall  for 
more  than  forty  years,  the  value  of  which  ought  to  be  very  great. 

In  any  individual  year  the  total  rainfall  shows  an  unmistakable 
relation  to  configuration.  The  prevailing  wind  over  the  country  is  more 
or  less  South-westerly ;  but  the  fact  that  the  wettest  portion  of  the  rain- 
splash  in  any  squall  or  cyclone  which  produces  a  very  wet  day  lies 
wholly  to  the  left  of  the  track,  shows  that  in  storms  pursuing  the  more 
usual  tracks  from  a  westerly  to  an  easterly  point  the  maximum  pre- 
cipitation takes  place  with  an  Easterly  and  not  with  a  Westerly  wind.  We 
have  seen,  however,  that  the  splashes,  or,  to  be  more  precise,  the  smears,  of 
heavy  rain  show  no  apparent  relation  with  configuration,  but  fall  equally 
on  highland  and  lowland,  hill-brow  or  valley  floor.  It  would,  therefore, 
appear  to  be  necessarily  true  that  the  elimination  of  all  such  heavy 
meteorological  rains  would  leave  the  remaining  geographical  rains  much 
more  intimately  associated  with  the  configuration  than  is  the  total  rain- 
fall of  any  year. 

The  attempt  to  differentiate  between  the  two  classes  of  rainfall  is 
extremely  difficult  because  of  the  enormous  labour  of  analysing  a 
sufficiently  large  number  of  perfect  daily  records  to  yield  a  map  detailed 
enough  for  the  necessary  comparison.    An  attempt  has,  however,  been  made 
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to  separate  the  rainfall  into  the  two  t3rpes.  For  this  purpose  England 
and  Wales  were  alone  considered,  and  300  stations  with  perfect  daily 
records  were  selected  to  give  as  uniform  a  distribution  over  the  surface 
as  possible. 

One  map  was  prepared  from  the  300  points  showing  the  total  annual 
rainfall  for  1906,  a  year  which  on  the  whole  closely  approached  the  average. 
The  question,  then,  was  to  decide  what  rainfalls  to  sift  out  as  probably 
of  meteorological  origin,  and  it  seemed  hopeless  to  attempt  to  sort  out  all 
days  of  cyclonic  storms  and  squalls  and  deal  with  the  stations  within 
the  storm  area  on  each  occasion.  At  first  the  maximum  fall  {i.e.  the 
rainfall  for  the  wettest  day  of  the  year)  was  taken  out,  and  the  change 
on  this  occasion  was  so  slight  that  all  other  days  were  taken  on  which 
the  rainfall  reached  or  exceeded  4*5  per  cent  of  the  annual  total,  that 
being  the  average  percentage  of  the  maximum  falL  A  map  was  constructed 
from  the  300  points  showing  the  total  fall,  less  the  maximum  fall,  and  all 
falls  exceeding  4*5  per  cent  of  the  average,  and  this  was  compared  with 
the  map  of  total  annual  raiufall.  It  was  found  that  the  300  points 
were  not  sufficient  to  allow  the  isohyets  to  be  drawn  with  sufficient 
precision  to  allow  of  a  close  comparison,  but  looking  at  them  in  their  broad 
features  only,  and  disregarding  details  as  far  as  possible,  one  could 
see  a  perfectly  clear  smoothing  and  mellowing  of  the  outlines.  The 
map  of  total  rainfall,  minus  heavy  falls,  was  more  like  the  average  map 
than  was  the  map  of  total  rainfall  from  which  it  was  derived,  the 
differences  being  most  easily  seen  in  the  Eastern  Division  of  the 
country,  where  the  effect  of  the  low  hill  ranges  on  rainfall  became  more 
prominent.  In  the  Western  Division  there  was  comparatively  little 
change,  the  isohyets  in  both  maps  showing  an  equally  close  corre- 
spondence to  the  configuration. 

A  further  step  was  then  taken,  and  all  daily  falls  which  individually 
exceeded  1  per  cent  of  the  annual  total  rainfall  at  the  station  in  question 
were  excluded.  The  map  expressing  the  distribution  of  this  doubly  re- 
duced rainfall  was  still  in  close  accord  with  the  configuration  in  the  Western 
Division,  but  in  the  Eastern  Division  the  isohyets  were  broken  up  and 
confused,  suggesting  that  the  process  had  been  carried  too  far. 

Having  done  so  much  I  thought  that  it  would  be  worth  while  to 
attempt  a  little  more  by  appljdng  the  same  process  to  the  records  of  a  year 
which  was  widely  different  from  the  average,  and  1903  was  selected  for 
this  purpose,  as  it  was  one  of  the  four  wettest  years  of  the  last  hundred, 
and  it  contained  a  number  of  notable  heavy  falls.  The  same  limits  of 
reduction  were  adopted.  This  time  the  withdrawal  of  the  day  of  maximum 
fall  and  all  days  with  more  than  4*5  per  cent  of  the  average  fall  produced 
very  little  change,  as  the  total  rainfall  was  so  unusual  that  even  a  large 
daily  fall  formed  but  a  low  percentage  of  it  The  second  reduction  by 
withdrawing  all  days  with  more  than  1  per  cent  of  the  annual  rainfall 
produced  a  considerable  accentuation  of  the  relation  of  rainfall  to  the 
surface  relief  of  the  Eastern  Division  of  the  country,  and  evidently  came 
nearer  to  securing  the  elimination  of  the  meteorological  rains ;  but  the 
result  was  not  striking. 

To  complete  the  test  of  the  method  a  very  dry  year,  such  as  1887, 
should  have  been  treated  in  the  same  way ;  but  time  could  not  be  found 
for  doing  this.      The   result  of  the   attempts  that  have   been   made 
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goes  to  show  that  the  method  is  a  promising  one  if  a  sufficient  number 
of  records  can  be  secured  to  give  definiteness  in  drawing  the  isohyets, 
and  if  one  can  ascertain  the  proper  amounts  to  be  deducted  in  order 
to  weed  out  the  meteorological  rains  and  leave  the  configurational  rains 
alone.  An  attempt  may  be  made  at  some  future  time  to  apply  the 
method  to  a  smaller  area  on  a  larger  scale.  Meanwhile  enough  has 
been  done  to  show  that  the  elimination  of  the  heavier  falls  of  rain 
leaves  the  residual  amount  in  closer  harmony  with  the  surface  features 
of  the  land,  and  that  even  without  modification  the  rainfall  of  every  year 
corresponds  so  closely  with  the  configuration  of  the  country  as  to  prove 
that  a  relationship  of  cause  and  effect  exists  between  them,  and  this 
relationship  is  undoubtedly  what  is  termed  in  geography  a  control  of  rain- 
fall distribution  by  the  land. 

For  many  practical  purposes  it  is  important  to  ascertain  the  total 


Fig.  9. — Isohyets  for  Begolar  Distribntion  of  Stations. 

volume  of  water  which  falls  as  rain  on  particular  areas,  and  when  the 
area  is  large,  a  river  basin  for  example,  the  only  really  satisfactory  way 
is  by  the  use  of  a  rainfall  map.  The  problem  of  finding  the  general 
rainfall  of  an  area  on  which  there  are  numerous  records  appears 
to  most  people  at  first  sight  to  be  solved  by  the  simple  process 
of  taking  the  mean  of  all  the  records  which  exist.  A  little  thought^ 
however,  is  sufficient  to  show  that  it  is  only  in  very  rare  circumstances 
that  this  is  the  best  course  to  follow.  It  is  only  when  the  stations  are 
uniformly  distributed  over  the  whole  area,  and  sufficiently  numerous 
to  represent  all  the  different  intensities  of  rainfall  proportionally,  that 
a  mean  of  all  the  figures  can  give  the  true  general  rainfall  When 
there  is  little  difference  between  the  rainfall  in  different  parts  of  the  area 
a  comparatively  small  number  of  stations  will  suffice  to  give  a  repre- 
sentative mean  value ;  but  the  greater  the  diversity  is,  the  greater  is 
the  number  of  stations  required  for  the  purpose.  When,  as  in  this 
country,  the  rainfall  records  are  not  taken  at  selected  points  chosen  as  to 
position  and  number,  but  here  and  there  for  the  most  part  at  the  hazard 
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of  the  grouping  of  the  homes  of  the  one  ten-thousandth  of  the  population 
interested  enough  to  become  observers,  stations  are  not  sprinkled 
uniformly  over  the  surface,  but  clustered  together  in  favoured 
residential  districts  and  totally  lacking  in  many  large  areas.  The  mean  of 
such  irregularly  distributed  stations  can  only  represent  the  general  rain- 
fall by  accident.  Thus  if  in  a  county  there  are  30  rain  gauges  in  a 
hilly  district  of  400  square  miles,  and  5  in  a  stretch  of  level  fenland 
extending  for  1000  square  miles,  the  mean  of  the  35  records  would 
give  far  too  high  a  figure  for  the  rainfall. of  the  county.  Even  one 
phenomenally  wet  station  may  greatly  disturb  and  misrepresent  the  rain- 
fall of  the  county ;  for  example,  if  the  records  of  the  three  rain  gauges  at 
The  Stye  are  included  amongst  50  stations  in  Cumberland,  the  mean  for 
the  whole  county  would  be  raised  several  inches  above  the  true  general 
fall.     It  is  difficult, — indeed,  I  have  sometimes  found  it  impossible, — ^to 


Fig.  10.— luohyets  for  Irregular  Distribution  of  Stations. 

convince  people  who  are  intelligent  in  most  matters,  that  by  omitting 
half  the  records  of  rainfall  one  could  in  certain  cases  obtain  from  the 
mean  of  the  rest  a  far  closer  approximation  to  the  general  rainfall  than 
by  taking  the  mean  of  all.  Dealing  with  numerals  alone  in  a  tabular 
form  they  fail  to  see  that  space  and  grouping  have  to  be  considered  as 
well  as  number,  and  that  in  taking  an  arithmetical  mean  as  expressing 
the  general  value  they  are  making  the  great  and  unwarranted  assumption 
that  the  distribution  of  the  stations  is  uniform  and  representative. 

When  all  the  data  are  placed  upon  a  rainfall  map  the  drawing  of 
isohyetal  lines  involves  some  assumptions  also,  as  we  have  seen;  but 
these  are  of  a  smaller  and  more  reasonable  kind.  From  an  isohyetal 
map  the  general  rainfall  can  be  obtained  by  various  methods.  One  of 
these,  and  perhaps  the  most  accurate,  is  to  construct  a  number  of  sections 
along  parallel  lines  at  close  intervals  across  the  map,  the  co-ordinates 
being  distance  and  depth  of  rain,  then  measuring  the  area  of  each 
section,  adding  all  the  areas  together,  and  dividing  by  the  total  length  of 
the  sections  to  give  the  general  rainfall. 
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A  simpler  method  is  to  measure  the  area  between  consecutive 
isohyetal  lines  upon  the  map,  multiply  the  area  by  the  general  rainfall  of 
the  zone,  add  all  the  resultiii^  figures  together,  and  divide  by  the  total 
area.  For  convenience  I  measure  the  areas  in  square  miles  to  the  third 
decimal  place,  and  the  rainfall  in  inches  to  the  second  decimal  place,  the 
resulting  volume  of  rain  being  given  in  the  conveniently  large  units  of 
the  square-mile  inch  which  is  equal  to  14,480,000  gallons.  The  only 
serious  risk  of  error  in  this  method  lies  in  estimating  the  general  rainfall 
of  the  zones,  and  this  is  much  less  than  might  appear  at  first.  Where  the 
isohyets  are  numerous  and  equally  spaced  it  is  safe  to  take  the  general 
rainfall  of  the  zone,  between  say  30  and  35  inches,  as  the  mean  of  the 
two  limiting  values,  i,e.  at  32  5  inches.  Where,  however,  the  isohyets 
are  becoming  successively  nearer,  or  successively  farther  apart,  from  the 
lower  to  the  higher  value,  it  is  necessary  to  allow  in  the  former  a  lower, 
and  in  the  latter  a  higher  value  than  the  mean.  In  practice  the  actual 
figures  usually  serve  to  show  whether  the  mean  value  has  to  be  diminished 
or  augmented,  and  by  what  amount ;  and  even  if  this  rectification  is  not 
made  the  error  in  most  instances  is  not  a  great  one.  All  calculations  of 
the  volume  of  rainfall  are  subject  to  the  limits  of  accuracy  of  the 
individual  observations,  and  it  is  taking  a  very  favourable  view  to  assign 
one-tenth  of  an  inch  as  the  smallest  difference  which  has  any  significance 
in  the  figure  for  annual  rainfall. 

It  happens  that  rainfall  is  not  only  the  most  difiScult  of  all  the 
meteorological  distributions  to  map  accurately,  it  is  also  that  one  which  is 
of  the  greatest  practical  importance ;  for  by  rain  the  rivers  are  fed,  and 
the  rivers  both  water  and  drain  the  land.  The  value  to  agriculture  of 
a  knowledge  of  rainfall  and  its  seasonal  incidence  is  great,  but  not  so  great 
as  the  value  to  other  interests.  Every  year  makes  clearer  the  vast 
national  importance  of  accurate  knowledge  of  the  rainfall  of  a  countiy, 
for  the  problem  of  the  rivers  is  becoming  acute.  The  growing  populations 
of  the  great  towns  are  tapping  the  upper  streams  and  diverting  the  water 
from  its  natural  channels,  and  at  the  same  time  they  are  polluting  the 
lower  courses  with  the  waste  of  the  factories  and  the  streets.  Toll  is 
taken  all  along  the  banks  of  industrial  streams  of  water  for  raising  steam 
and  carrying  on  the  multitudinous  processes  of  manufacture.  There  is 
sometimes  anxiety  as  to  whether  the  waterways  can  be  kept  sufficiently 
supplied  to  float  the  water-borne  traffic,  or  to  fight  the  silting  action  of 
the  tides  in  the  estuaries,  and  there  is  growing  alarm  as  to  the  possibility 
of  fish  traversing  the  depleted  and  polluted  streams  to  reach  their  spawn- 
ing beds. 

Of  recent  years  the  value  of  the  water-power  which  may  be  generated 
in  the  lonely  and  lofty  places  amongst  the  western  heights  of  Great 
Britain,  where  the  rainfall  is  large  and  unfailing,  has  been  recognised ; 
and  chemical  works  for  the  production  in  electric  furnaces  of  what  a  few 
years  ago  were  rare  substances  are  becoming  familiar  features  in  Wales 
and  the  Highlands.  In  Ireland,  too,  the  rainfall  is  an  unrecognised  source 
of  wealth  which  as  yet  has  not  been  drawn  upon  to  any  appreciable 
extent.  The  increasing  strenuousness  of  the  struggle  for  the  possession 
of  large  water-supplies  is  producing  in  England,  and  especially  in  Wales, 
a  great  amount  of  local  jealousy  and  strife,  for  the  boundaries  of  parishes 
and  counties  coincide  but  rarely  with  water-partings,  and  the  argument 
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has  been  brought  forward  again  and  again  that  the  rainfall  of  one  county 
should  not  be  diverted  for  the  use  of  the  inhabitants  of  another.  The 
feeling  is  intensified  when  the  boundary  to  be  crossed  is  that  of  a  historical 
division  of  national  importance,  like  the  boundary  between  England  and 
Wales ;  but  I  think  that  the  map-study  of  rainfall  can  do  something  to 
suggest  the  lines  on  which  such  disputes  should  be  settled.  A  great 
statesman  once  recommended  the  study  of  large-scale  maps  for  the 
solution  of  political  difficulties,  and  no  doubt  matters  of  detidl  are  often 
important  enough  to  require  such  aid ;  but  in  order  to  grasp  the  true 
bearings  of  large  subjects  in  their  entirety  we  must  use  a  small-scale  map, 
or  we  fail  to  get  a  comprehensive  view.  We  have  seen  that  although  the 
exceptional  deluges  of  a  thunderstorm  or  a  great  depression  fall  with 
equal  and  impartial  heaviness  on  the  hills  of  the  west  or  the  flat  plains 
of  the  east,  the  common  every-day  rains  are  precipitated  on  the  high 
lands  and  in  the  mountain  valleys,  which  cross  the  track  of  the  prevailing 
wind,  in  much  greater  abundance  than  on  level  and  low  stretches  of 
country.  Most  of  the  rain  is  borne  to  our  islands  from  the  Atlantic,  and, 
when  it  comes  torrentially,  it  is  a  thing  of  the  air  alone  and  no  boundary 
checks  it ;  but  the  largest  annual  falls  come  down  on  and  near  the  water- 
sheds, because  there  the  land  produces  its  maximum  influence  as  a  rain- 
compeller.  In  our  youth  we  were  taught  that  mountains  attract  rain,  but 
that  is  rather  a  misuse  of  words  unless  we  stretch  the  word  "  attract " 
so  far  that  we  could  speak  of  a  body  of  bandits  attracting  plunder.  If 
the  high  ground  of  Wsdes,  the  Lake  District,  and  the  Pennines  were  not 
there  to  obstruct  and  plunder  the  Westerly  winds  the  lower  heights  of 
eastern  England  would  receive  a  much  greater  annual  rainfall  than  they  do. 

From  the  high  ground  the  rivers  seek  the  plains,  carrying  oflF  the  excess 
of  rainfall  into  the  less  liberally  watered  districts.  The  Dee,  the  Severn, 
the  Wye,  and  the  Usk  restore  to  England  part  of  the  rains  which  the 
Welsh  mountains  have  abstracted  as  the  air  passed  over  them.  The  high 
rainfall  of  the  whole  Pennine  district,  sometimes  by  circuitous  routes 
across  the  comparatively  dry  plains  of  the  east,  swells  the  volume  of  fresh 
water  that  pours  into  the  Humber.  The  Thames  itself  receives  the  com- 
paratively high  rains  of  the  Cottesv  olds,  the  Chiltems,  and  the  Downs, 
and  forwards  the  water  slowly  thro\:^h  less  and  less  rainy  districts  until 
it  reaches  the  sea  in  the  driest  part  of  England.  I  think  that  a 
far  stronger  argument  can  be  drawn  from  this  consideration  of  physical 
geography  in  favour  of  supplying  the  great  towns  of  the  oast  from  the 
large  precipitation  of  the  west,  than  can  be  drawn  in  the  opposite  sense 
from  the  artificial  divisions  of  political  geography.  It  seems  to  me  that 
care  for  the  water-supply  of  the  country,  coming  as  it  does  from  the  air 
that  knows  no  bounds  across  the  land,  is  by  no  means  a  parochial,  but  in 
the  fullest  sense  a  national  matter,  and  should  be  dealt  with  in  the  interests 
of  the  nation  as  a  whole — the  units  of  subdivision  when  such  are  required 
being  the  natural  units  of  river  basins. 

This  Society  owes  something  to  the  nation  in  giving  expression  to 
the  possible  practical  applications  of  the  science  we  pursue,  and  I  am 
sure  that  if  the  public  were  once  thoroughly  aroused  to  the  wide  import- 
ance of  our  studies  as  they  bear  on  every-day  life,  the  general  proceedings 
of  the  Society  would  be  followed  with  a  keener  interest  and  the  number 
of  Fellows  would  greatly  increase. 
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FORMATION  OF  SNOW  ROLLERS. 

By  CHARLES  BROWETT. 

(Commimicated  by  the  Director  of  the  Meteorological  Office.) 

[Read  February  19, 1908.] 

At  Ryton-on-Dunsmore,  near  Coventry,  on  the  afternoon  and  evening 
of  January  29,  1907,  there  were  several  storms  of  fine  snow,  which 
amounted  to  a  depth  of  about  1^  in.  The  snow  fell  very  evenly  and 
without  drifting. 

The  next  morning  at  8  a.nL  I  noticed  that  the  snow  on  the  lawn  to 
the  east  of  the  house  was  heaped  up  as^though  some  one  had  run  with  a 
spade  in  front  of  him.  On  going  out  I  found  myself  face  to  face  with  a 
very  curious  phenomenon.  The  snow  was  cleared  away  to  the  bare 
grass  (except  for  slight  bars  of  snow  across)  in  tadpole-like  markings, 
whose  tails  all  pointed  to  the  direction  from  whence  the  wind  had  been 
blowing  all  night,  viz.  North-north-west,  and  at  whose  heads  was  heaped 
up  the  snow  that  had  been  on  the  bared  grass,  all  neatly  turned  over  in 
a  roll.  On  looking  about  on  the  other  lawns  I  found  only  a  few  of  these 
markings,  and  on  the  field  to  the  north  none  at  all ;  but  on  the  drive 
and  grass  in  front  of  the  north  side  of  the  house  I  found  markings  in 
the  opposite  direction,  but  with  little  snow  actually  curled  up,  although 
the  grass  was  bared  in  the  vertebr»-like  spots  before  mentioned.  It  was 
quite  evident  that  these  were  caused  by  the  deflection  from  the  side  of 
the  house  of  whatever  had  caused  the  similar  markings  on  the  other  side. 

On  driving  into  Coventry  (4  miles)  I  noticed  in  many  fields  similar 
markings  to  the  first  mentioned ;  but  the  field  that  had  most  in  was  one 
sloping  slightly  from  the  north-west  to  the  river  So  we.  But  oddly 
enough  none  were  on  the  other  side  of  the  river,  where  the  ground  rose 
facing  the  wind.  On  inquiry  I  found  several  odd  ones  had  been  formed 
on  lawns  and  fields  to  the  north  of  Coventry.  In  every  case  the  snow 
was  as  clean  cut  as  with  a  knife.  The  main  sheet  of  snow  was  not  drifted 
in  any  way. 

The  following  are  the  exact  details  as  far  as  they  could  be 
obtained : — 

Greatest  length  of  any  one  marking  30  ft,  average  20  ft,  smallest 
about  6  ft.  Width  of  grass  cleared  at  the  start,  which  was  gradual, 
not  less  than  3  ins.  to  from  12  to  17  ins.  at  the  widest  part.  Wind 
North-north-west.  Force  gusty  up  to  about  25  miles  per  hour.  The 
thermograph  5  ft.  above  ground  recorded  between  32°  and  34°  during 
the  night  The  surface  of  the  snow  was  perfectly  flat ;  no  tufts  of  grass 
or  any  projections  were  in  any  way  connected  with  the  formations. 
Fine  snow  fell  on  and  off  all  the  previous  afternoon.  I  do  not  think  any 
snow  fell  after  dark,  but  these  markings  were  cut  through  all  there  was 
on  the  ground  between  6  p.m.  on  January  29  and  6  a.m.  on  January  30, 
when  it  was  fine.  They  were  not  made  during  any  fall  of  snow.  The 
edges  were  as  sharp  as  if  cut  with  a  knife.  The  ridges  across  the  figures 
were  about  a  quarter  of  an  inch  deep,  and  were  left  about  every  6  ins. 
I  counted  1 3  in  7  ft.     On  either  side  of  the  heaped-up  roll  of  snow  the 


Digitized  by 


Google 


88 


BEOWETT— FORMATION  OF  SNOW  ROLLERS 


grass  was  always  slightly  cleared,  as  though  the  wind,  being  unable  to 
push  the  snow  farther,  had  divided  and  gone  by  on  either  side. 

On  the  south  side  of  the  house  many  very  strange  forms  had  been 
cut  on  the  lawns  among  the  trees  and  shrubs ;  the  most  interesting  and 
the  best  marked  is  shown  in  Fig  1.  It  was  secured  in  the  following 
way,  as  a  photograph,  even  taken  from  the  top  of  the  house,  was  subject 
to  perspective.  I  cut  with  a  large  knife  the  sharp  edge  of  the  snow 
down  to  the  turf  and  put  a  number  of  pegs  in  this  nick  so  that  when  the 
snow  had  gone  very  accurate  particulars  could  be  taken.  To  do  this  I 
marked  out  on  the  turf  round  it  a  square  of  8  ft,  its  sides  being  north, 
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south,  east,  and  west,  and  put  a  nail  in  every  6  ins.  all  round.  Fine 
cotton  was  then  passed  backwards  and  forwards,  and  from  its  intersecting 
points  the  figure,  as  shown,  was  easily  and  accurately  obtained.  The 
distance  across  AB  was  always  a  good  deal  less  than  that  at  CD,  where 
the  snow  at  AB  would  have  come  from  if  simply  rolled  back.  This 
showed  a  pushing-along  action  as  well  as  a  rolling  one.  If  the  roll  could 
have  been  undone,  it  would  not  have  reached  more  than  a  quarter  of  the 
distance  along  the  bared  grass.  The  figures  on  this  side  of  the  house 
were  formed  in  all  directions,  the  trees  and  shrubs  causing  an  almost 
complete  reversal  of  the  direction  of  the  main  wind  current  The  curve 
at  £F  was  very  marked. 


[The  following  extracts  giving  descriptions  of  similar  phenomena 
observed  elsewhere  will  throw  further  light  upon  the  formation  of  "  snow 
rollers." — Editors.] 

From  Handy  Book  of  Meteorology,     By  Albxandeb  Buchan.     Second  Edition, 

1868,  pp.  202-3. 

On  the  5th  March  1862,  about  9  p.m.,  the  Bev.  Dr.  Charles  Clouston,  Sandwick, 
Orkney,  observed  the  snow  which  was  then  covering  the  ground  to  be  rolled  up 
by  the  wind  into  masses  increasing  in  size  as  they  moved  before  it,  which  were 
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blown  baekwards  and  forwards  in  the  eddy-wind  of  the  house.  The  same 
phenomenon  had  occurred  in  February  1847,  and  was  then  described  by  him 
in  the  following  terms :  '*  On  examination,  the  masses  were  all  found  to  be 
cylindrical,  like  hollow  fluted  rollers,  or  ladies'  swan-down  muffs,  of  which  the 
smaller  ones  reminded  me,  from  their  lightness  and  purity,  but  most  of  them 
were  of  much  greater  dimensions  and  weight  than  any  lady  would  choose  to 
carry,  the  largest  measured  being  3^  ft  long  and  7  ft  in  circumference.  The 
weight,  however,  was  not  so  great  as  might  have  been  expected  from  the  bulk  ; 
80  loose  was  the  texture,  that  one  3  ft  long  and  6^  ft  in  circumference  was 
found,  on  being  weighed,  to  be  only  64  lbs. ;  the  centre  was  not  quite  hollow, 
but  in  all  there  was  a  deep  conical  cavity  at  each  end,  and  in  many  there  was 
a  small  opening  through  which  one  could  see,  and  by  placing  the  head  in  this 
cavity  in  the  bright  sun,  the  concentric  structure  of  the  cylinder  was  quite 
apparent  They  might  occupy  400  acres,  and  I  counted  133  cylinders  in  one 
acre.  A  combination  of  favourable  circumstances  is  required  for  their  formation 
-^viz.  a  recent  fall  of  loose  snow-flakes  in  calm  weather,  as  took  place  on  the 
day  previous  ;  a  temperature  near  the  freezing  point,  so  as  to  give  adhesion  to 
the  snow,  while  it  is  not  so  warm  as  to  thaw  it ;  a  good  breeze  of  wind  to 
spring  up  when  the  other  circumstances  are  favourable  to  their  formation." 

From  Nature,  voL  27,  1883,  p.  483. 
A  Reharkablb  Phenomenon — ^Natural  Snowballs. 

Mr.  Samuel  Hart,  Trinity  College,  Hartford,  Conn.,  U.S. A,  gives  the 
following  account  of  natural  snowballs,  which  he  furnished  to  the  CouratU 
newspaper,  February  22,  1883  : — 

On  Tuesday  evening  a  light  but  damp  snow  fell  upon  the  crust  that  had 
formed  over  the  snow  of  Sunday's  storm  ;  and  the  South  wind,  which  arose  at 
a  later  hour,  produced  an  unusual  phenomenon.  Wednesday  morning  the 
college  campus,  the  park,  and  vacant  lots  everywhere  hereabouts  were  seen  to 
be  strewn  with  natural  snowballs,  some  of  them  resembling  spheres  with 
diameters  of  from  1  to  9  in&  or  more,  and  others  looking  very  much  like  rolls 
of  light  cotton  batting,  having  a  cylindrical  shape,  but  in  nearly  every  case 
with  a  conical  depression  at  each  end  reaching  nearly  or  quite  to  the  middle. 
It  was  easy  to  see  how  the  balls  had  been  formed,  as  it  is  easy  to  see  how  boys 
roll  up  snow  for  their  forts.  The  wind  had  in  each  case  started  a  small  pellet 
of  moist  snow,  and  it  had  rolled  along  until  it  grew  so  large  that  the  wind 
could  move  it  no  farther.  The  ball  not  only  increased  in  diameter  as  it  rolled, 
but  also  grew  graduaUy  in  length  as  a  little  more  of  the  snow  stuck  to  it  on 
each  side,  as  thus  the  snow  was  formed  in  the  peculiar  way  described — that  of 
a  cylinder  with  a  hollow  at  each  end,  as  if  a  long  isosceles  triangle  were  rolled 
up  beginning  at  its  vertex.  The  largest  of  the  cylinders  measured  on  the 
college  campus  had  a  diameter  of  12  ina  and  a  length  of  18  ins. ;  while  others 
in  the  fields  in  the  neighbourhood  seemed  much  larger.  The  path  of  the  balls 
could  in  many  cases  be  readily  traced  for  a  distance  of  25  or  30  ft  The  snow, 
it  should  be  added,  was  not  at  all  closely  packed,  but  lay  together  very  lightly 
and  yielded  to  the  slightest  touch,  so  that  it  was  impossible  to  move  a  ball 
without  breaking  it 

Observers  in  other  parts  of  the  city  report  that  some  balls  were  seen  of  the 
size  of  a  barrel  which  left  tracks  behind  them  for  more  than  60  ft  From  East 
Hartford  it  is  reported  that  they  studded  the  fields  thickly, 'especially  in  places 
where  the  wind  had  a  long  range,  and  were  of  every  size  to  that  of  a  half-bushel 
or  larger.  Similar  balls  were  seen  yesterday  morning  in  many  places  from  the 
Sound  north  to  Massachusetts.     All  along  Uie  line  of  the  Valley  Railroad  they 
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appeared  on  every  rod  of  ground,  and  at  some  places  they  had  left  tracks 
showing  that  the  wind  had  blown  them  in  every  direction,  even  in  some  cases 
uphilL 

This  interesting  phenomenon,  though  quite  unusual,  has  been  noticed  before 
in  different  places  in  this  country  and  elsewhere,  the  most  striking  instance 
being  one  which  was  observed  in  New  Jersey  in  1808 ;  this  was  in  the  daytime, 
when  the  whole  process  could  be  watched.  On  this  occasion  some  of  the  masses 
of  snow  which  were  rolled  up  by  the  wind  attained  a  diameter  of  3  ft.  They 
appear  to  have  been  seen  over  an  area  of  only  some  four  hundred  acres,  whereas 
the  snowballs  yesterday  were  spread  thickly  over  many  square  miles. 

From  Nature,  voL  27,  1883,  p.  607. 
Snow  Roller& 

The  phenomenon  described  in  Nature,  vol.  27,  p.  483,  under  the  title  of 
'*  Natural  Snowballs,''  is  known  to  British  meteorologists  under  that  of  snow 
rollers,  and  as  the  latter  agrees  more  closely  with  the  phenomenon,  I  venture 
to  plead  for  its  adoption. 

I  believe  that  the  first  person  who  carefully  examined  their  formation  was 
that  excellent  and  venerable  observer,  the  Rev.  Dr.  Clouston  of  Sandwick 
Manse,  Orkney,  and  I  am  under  the  impression  that  he  published  a  description 
of  their  formation  in  an  early  number  of  the  Philosophical  Magazine,  He  has 
observed  them  on  the  lawn  at  Sandwick  more  than  once,  and  has  always 
noticed  the  hollowness  at  the  ends;  in  fact,  he  described  them  to  me  as 
resembling  ladies'  white  muffs. 

I  remember  only  one  instance  of  their  being  reported  in  England,  namely 
in  the  following  letter  from  the  late  Admiral  Sir  F.  W.  Qrey,  which  appeared 
in  the  Meteorological  Magazine  for  May  1876.  G.  J.  Stmons. 

62  Camden  Square,  N.  W. 

Sir — The  snowstorm  of  Thursday  night  [April  13,  1876]  was  marked  by 
one  circumstance  which  I  have  never  witnessed  before,  though  it  may  not  be 
uncommon.     It  was  this  : — 

On  Friday  morning  I  observed  that  for  a  considerable  distance,  and  follow- 
ing a  regular  line,  the  lawn,  to  leeward  of  the  house,  was  strewed  with  masses 
of  snow-like  boulders,  varying  from  the  size  of  a  snowball  to  a  cubic  foot  at 
least)  and  as  the  snow  melted,  a  track  either  straight  or  curved  led  up  to  the 
large  ones,  following  apparently  the  direction  of  the  wind.  I  had  observed 
before  dusk  that  the  eddies  of  the  wind  and  the  swirls  of  snow  were  very 
marked,  and  I  have  since  heard  from  a  friend,  who  observed  the  same  thing, 
that  he  saw  the  snow  rolled  along  by  the  wind  and  forming  masses  such  as  I 
have  described. 

As  I  have  said,  I  know  not  whether  this  has  been  observed  in  other  cases, 
and  perhaps  it  may  interest  you  to  have  this  account  of  it — ^Yours  faithfully, 

F.  Wm.  Grey. 

Ltnwood,  Sunninqdalb,  Staines,  April  16  [1876]. 

From  Symonf^s  Monthly  Meteorological  Magazine,  voL  20,  1886,  p.  7. 

Snow  Rollers 

Sir — On  the  13th  inst.  a  large  number  of  "snow  rollers"  were  formed 
here,  and  as    I   see   from   a  letter  in   Nature,    vol.    27,   p.    607,   that   the 
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phenomenon  has  not  often  been  noticed  in  England,  you  may  think  the 
drcnmstance  worth  recording.  I  first  noticed  a  few  on  the  12th,  the  snow 
being  about  0*5  in.  deep  and  a  strong  North  wind  blowing  ;  more  snow  fell  in 
the  night  and  next  morning,  to  a  depth  of  more  than  3  ins.,  and  on  going  out 
in  the  afternoon  I  found  all  the  open  fields  strewn  with  a  number  of  rollers, 
varying  in  size  from  that  of  a  hen's  egg  to  cylinders  about  9  ins.  in  diameter, 
and  about  the  same  length.  I  did  not  s6b  any  in  course  of  formation,  but 
there  were  tracks  in  the  snow  leading  up  to  them  on  the  windward  side.  The 
snow  was  rather  moist^  temperature  being  about  freezing  pointy  and  lay  light, 
3  ins.  of  snow  yielding  about  0*11  in.  of  water  at  9  a.m.  A  few  of  the 
larger  ones  were  left  next  day,  but  the  greater  part  had  been  blown  away. 

H.  MSLLISH. 

HoDsocK  Peiory,  Worksop,   January  16,  1886. 


From  the  UJSL  Monthly  Weather  Review^  1906,  voL  34,  pp.  325-326. 

Snow  Rollbbs.     By  Wilson  A.  Bsntlbt,  Jericho,  Vt 

During  the  night  of  January  18,  1906,  there  occurred  at  and  in  the  vicinity 
of  Jericho,  Yt,  the  very  interesting  and  somewhat  rare  phenomenon  of  the 
formation  by  wind  action  of  vast  numbers  of  snowballs,  or  snow  ''rolls''  or 
*'  rollers."  A  brief  account  of  them,  and  of  the  weather  conditions  that  pre- 
vailed before  and  while  they  were  being  formed,  may  possibly  be  of  interest 
to  the  readers  of  the  Weather  Review. 

About  five  inches  of  very  light,  fluffy  snow  fell  during  the  twenty-four 
hours  immediately  preceding  the  phenomenon.  During  this  time  the  tempera- 
ture ranged  from  14°  to  22°  F.  But  during  the  night  of  the  18th,  when  the 
snow  rolls  were  formed,  the  temperature  slowly  rose  from  24°  to  34°,  and  the 
lower  wind  shifted  from  Westerly  to  Southerly  points,  and  blew  at  times  in 
a  very  strong  but  intermittent  and  pecidiar  gust-like  manner.  The  snow  rolls 
were  formed  during  the  latter  part  of  the  night,  after  the  rise  to  34°  was 
accomplished.  This  rise  in  temperature  operated  to  cause  a  slight  superficial 
melting  of  the  upper  layers  of  the  snow,  and  to  make  it  slightly  damp,  so  that 
the  individual  snow  crystals  tended  to  cling  to  one  another. 

So  far  as  the  writer  was  able  to  observe,  and  to  learn  from  others  in 
adjoining  towns,  the  phenomenon  occurred  only  over  a  quite  limited  and 
narrow  strip  of  footrhill  country  perhaps  one  mile  wide,  lying  alongside  and 
parallel  to,  but  at  a  little  distance  from,  the  western  side  of  the  Green 
Mountains.  The  winds  that  produced  the  phenomenon  blew  across  the  valleys 
and  foot-hills  rather  than  parallel  to  their  greater  length.  The  topography  of 
the  region  in  question  is  such  as  to  cause  the  winds  that  reach  the  valleys,  or 
at  least  some  of  them,  to  flow  or  poar  downward  into  them  in  descending  order 
from  foot-hills  of  considerable  height 

In  many  cases  the  gusts  of  wind  evidently  had  a  strong  descending  motion, 
such  as  just  described,  for  they  actually  scooped  up  considerable  masses  of  the 
light,  damp,  fluffy  snow  and  formed  it  into  ridges  or  hollow  snow  arches,  and 
rolled  many  of  these  up  into  snow  rolls  of  various  sizes. 

The  forms  and  structures  of  the  snow  rolls  were  such  as  to  indicate  that, 
at  least  in  many  cases,  the  wind  that  scooped  up  the  fluffy  snow  masses  into 
ridges  or  open  arches  got  in  behind  such  ridges  and  arches  (which  may  be 
termed  "cores")  and  blew  them  over  upon  themselves  or  upon  the  snow 
directly  in  front  and  to  the  leeward  of  them,  thereby  imparting  both  rotary 
and  forward  motions  to  the  snow  core  ridges  or  arches,  blowing  and  rolling 
them  along  in  this  manner  for  some  distance.     Fresh  layers  of  damp  surface 
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snow  collected  upon  them  as  they  rolled  along  upon  the  surface  of  the  snow, 
and  operated  rapidly  to  increase  their  size  and  specific  gravity.  Eventually 
the  rolls  became  so  large  and  heavy  that  the  winds  were  unable  to  roll  them 
farther  and  they  came  to  rest.  Variations  in  exposure  to  winds  and  surface 
topography  operated  to  cause  some  rolls  to  be  blown  along  much  farther  than 
were  others,  hence  some  became  of  much  greater  size  and  weight  than  others. 
The  individual  snow  roUs  varied  in  size  one  with  another,  from  tiny  rolls  but 
a  few  inches  in  diameter,  to  huge  ones  18  by  24  ins.  in  size.  In  most  cases 
the  diameters  of  the  rolls  were  much  less  than  were  their  lengths. 

Perhaps  the  most  interesting  rolls  thus  scooped  up  and  modelled  by  wind 
action  were  those  whose  "cores"  were  of  an  open,  hollow  character.     Such 


Fig.  2. — Snow  Rollers  at  Jericho,  Vt. 

came  into  existence  in  the  form  of  hollow  snow  arches,  as  previously  described, 
and  were  so  substantial,  or  were  rolled  along  so  gently  by  the  winds,  that  their 
hollow  cores  were  preserved  intact,  %.e,  were  not  filled  in  as  a  result  of  collapse 
or  of  their  rotary  experiences. 

Unfortunately  the  day  following  the  formation  of  the  snow  rolls  was  a 
dark  cloudy  day,  unfavourable  for  photographic  work,  hence  our  original 
photographs  of  the  snow  rolls  failed  to  show  them  with  sufficient  plainness, 
and  it  became  necessary  to  increase  their  sharpness  by  recopying  so  as  to 
produce  extreme  contrast  effects.  This  explains  why  the  trees,  etc,  show  up 
so  very  darkly  in  these  photographic  prints  (Figs.  2  and  3). 

The  wind  came  from  the  right-hand  side  of  these  photographs.  They 
show  the  paths  of  some  of  the  rollers,  and  their  beginnings  on  the  right-hand 
side.  The  accumulation  of  snow  occurring  on  the  right-hand,  or  windward, 
side  of  each  roller  was,  I  am  certain,  not  blown  there  from  a  distance  by  the 
wind,  but  is,  in  each  case,  a  partly  detached  layer  of  snow,  that  adhered  to. 
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and  was  partly  lifted  up  hj  the  roll,  while  that  was  revolving,  but  that  settled 
back  to  earth  at  a  later  time,  owing  to  the  continuation  of  the  process  of  partial 
melting  that  was  going  on  at  a  temperature  of  34°  to  36°.  In  case  the  roller 
had  undergone  another  revolution  such  windward  layer  would  doubtless  have 
gone  with  it  and  been  incorporated  within  the  mass.  Many  of  the  rollers 
formed  on  a  practically  level  surface,  and  some  were  actually  rolled  up  a  slight 
incline. 


Fig.  3.— Snow  Rollers  at  Jericho,  Vt. 


From  the  U.S.  Monthly  Weather  Review^  1906,  vol.  34,  p.  326. 
Snow  Rollers  at  Mount  Pleasant,  Mich.     By  Prof.  R.  D.  Calkins. 

On  the  evening  of  January  17  [1906],  the  wind  at  Mount  Pleasant,  Mich., 
was  North-east,  and  a  light  flaky  snow  was  falling.  During  the  night  the  wind 
backed  through  North  and  North-west  to  the  South-west.  In  the  morning  we 
found  that,  at  the  north-west  comer  of  the  Normal  School  Building,  snowballs  or 
snow  rolls  to  the  number  of  fifty  or  seventy-five  had  been  formed.  They  varied 
in  size  from  3  ins.  in  diameter  to  1 2  ins.  They  were  rolls  of  snow  rather  than 
snowballs,  for  most  of  them  had  square  ends.  They  were  spiral  in  structure 
when  viewed  from  the  end.  Behind  each  roll  was  a  path  where  the  snow  had 
been  taken  up,  and  the  depth  of  snow  removed  from  this  path  corresponded  very 
closely  to  the  thickness  of  the  layers  forming  the  roll.  These  paths  became 
narrower  as  the  comer  of  the  building  was  approached,  where  they  all  dis- 
appeared. The  rolls  were  very  light,  and  would  hardly  hold  together  suflBciently 
to  preserve  their  shape  when  lifted.  Some  boys  from  the  country  on  the  same 
morning  reported  similar  balls  2  ft.  in  diameter.  The  wind  had  a  long  un- 
obstructed sweep  from  the  south-west.     There  were  no  tracks  of  children  about 
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the  balla^  and  there  can  be  no  doubt  that  they  were  wind-formed.  Can  you  give 
me  any  more  information  concerning  the  origin  of  such  balls  or  rolls  ?  Just  why 
and  how  do  they  start  ? 

Nate. — The  initial  step  in  the  formation  of  snow  rolls  seems  not  yet  to  have 
been  observed.  They  appear  generally  to  be  formed  at  night-time,  or  in  the 
very  early  morning,  and  the  diagram  by  Professor  Calkins  suggests  that  they  are 
formed  by  or  among  the  eddies  in  the  strong  wind  at  the  corner  of  a  building  or 
other  obstacle. 

We  note  that  in  the  Met&orologisehe  ZeUschrift^  Moj  1895,  p.  198,  Prof. 
K.  R.  Koch,. of  Stuttgart,  mentions  three  ways  in  which  snow  becomes  hardened 
after  it  has  fallen  : — 

1.  A  warm  snowfall  is  followed  by  cold  West  winds  that  favour  compression, 
the  wind  in  descending  gusts  forcing  or  pressing  it  into  a  hard  solid  mass. 

2.  Hard  surfaces  are  formed  by  melting  and  freezing,  and  become  hard 
enough  to  support  the  mountain  climbers  in  the  Alps  and  Black  Forest. 

3.  In  March  and  April,  in  the  mountains,  before  thawing  weather  begins, 
the  insolation  is  powerful,  and  snow  crystals  exposed  in  the  sunshine  are 
evaporated  and  the  vapour  is  actually  recrystallised  ;  thus  very  lai^  crystals 
are  formed,  and  the  layers  of  snow  become  quite  solid  ;  it  is  not  impossible  that 
large  nuclei  may  thus  be  formed. — C.  A. 


From  the  U.S.  Monthly  WeaJther  Beview,  1907,  voL  35,  pp.  70-71. 

Snow  Rollers  at  Canton,  N.Y.     By  M.  L.  Fuller. 

I  send  a  few  notes  relative  to  the  formation  of  snow  rollers  in  the  village 
of  Canton  on  February  19,  1907. 

The  conditions  attending  the  formation  of  the  rollers  were  as  follows : — 

Upon  a  dry  and  evenly  distributed  snow  covering  of  4  ins.  depth  there  fell 
late  in  the  forenoon  of  the  19th  a  half  inch  or  more  of  fine,  dry  snow.  After 
1  p.m.  the  falling  snowflakes  were  of  greater  size,  becoming  large,  moist,  and 
feathery  after  3.25  p.m.  and  continuing  to  4.25,  by  which  time  a  total  of  about 
one  inch  had  fallen.  Light  snow  with  about  one-tenth  inch  of  dry  sleet 
occurred  from  4.25  to  6.55  p.m. 

The  temperature,  from  10'  F.  at  the  8  a.m.  observation,  increased  to  17''  by 
3.15  p.m.  ;  then  rose  suddenly  to  31"*  at  3.30,  and  slowly  to  34**  by  shortly 
after  6  p.m.,  from  which  maximum  it  fell  to  17**  by  7.15  p.m. 

This  abrupt  rise  of  temperature  and  brief  thaw  accompanied  a  South-west 
wind  with  a  velocity  of  30  to  40  miles  per  hour  that  burst  suddenly  upon  this 
locality  at  3.25  p.m.,  displacing  the  North-easterly  winds  of  4  to  12  miles  of 
the  morning  and  mid-day,  which  had  continued  practically  up  to  that  hour. 

Though  the  formation  of  the  rollers  was  not  witnessed,  so  far  as  ascertained, 
it  is  known  to  have  occurred  between  5  and  6  p.m.  Small  rollers  were  found 
next  morning  in  a  variety  of  locations.  The  largest  had  been  developed  on  a 
sloping  lawn  where  the  strong  wind,  striking  the  exposed  side  of  a  large  cottage, 
had  swept  downward  and  away,  rolling  the  snow  downhill.  Here  the  largest 
attained  diameters  and  lengths  of  10  to  12  ins.  In  structure  they  closely 
resembled  rolls  of  cotton  batting,  but  the  centres  were  almost  invariably  shorter 
than  the  outer  layers.  The  layers  were  plainly  marked,  and  varied  somewhat 
in  thickness,  averaging  probably  three-fourths  of  an  inch  or  more,  and  being 
usually  thinner  near  the  axis.  In  occasional  instances  the  centres  were  very 
short  or  almost  wanting,  and  the  rolls,  although  firm  enough  next  morning  to  be 
handled,  were  much  lighter  than  snowballs  of  the  same  size  when  rolled  by. 
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hand,  thus  indicatiDg  but  slight  packing  of  the  snow  in  the  wind  rollers 
(Fig.  4). 

From  the  conditions  observed  in  this  instance,  it  would  appear  that  the  flakes 
of  a  light  flufify  layer  of  surface  snow  are  made  adhesive  by  a  sudden  rise  in  air 
temperature,  while  the  under  snow  still  remains  cold  and  dry,  and  the  particles 
of  damp  surface  snow  are  enabled  to  adhere  to  each  other,  but  not  to  the  dry 
under  snow.  A  strong  wind  may  then  push  over  little  prominences  or  pro- 
jections of  the  surface  snow,  and  start  them  rolling,  when  of  course  they  will 
continue  to  travel  and  grow  until  the  resistances  overcome  the  propelling 
power  of  the  wind. 

Miss  lone  A.  Jillson  subsequently  reported  having  once  witnessed  the 
formation  of  snow  rollers,  and  at  the  suggestion  of  the  writer  contributes  the 


Fio.  4.— Snow  Rollers  at  Canton,  N.Y.,  Febrtiary  20,  1907. 


following  account  As  its  author  appears  to  be  habitually  careful  and  pains- 
taking in  both  observation  and  statement,  the  description  is  thought  to  be  of 
value  :^ 

**  During  the  winter  of  1895  I  watched  the  formation  and  progress  of  so- 
called  snow  rollers.  The  temperature  was  probably  a  trifle  above  the  freezing 
point)  following  a  snow-storm  characterised  by  very  large  light  flakes.  For  the 
most  part  the  wind  seemed  to  sweep  downward  and  get  under  a  slightly  pro- 
jecting mass  of  snow,  and  set  it  in  motion.  As  the  roll  grew  in  size  the  speed, 
at  first  very  rapid,  slackened,  until  the  mass  became  too  compact  and  heavy  to 
be  moved  farther.  Sometimes  a  triangular-shaped  *'-  card  "  of  snow,  often  3  or 
4  ins.  across  the  base,  would  rise  and  fall  several  times  before  the  wind  gained 
sufficient  purchase  to  turn  the  point  over  and  start  the  roller.  This  card  looked 
Tery  much  like  the  comer  of  a  piece  of  paper  as  it  rises  and  faUs  with  the  wind 
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jast  before  it  is  blown  away.     The  snow  seemed  to  be  of  an  unusual  conslBtencjr, 
rendering  it  tough  and  flexible. 

''These  rollers  were  observed  at  Edenton,  St  Lawrence  County,  N.Y." 


DISCUSSION. 

Mr.  H.  Mellish  remarked  that  he  had  observed  the  phenomena  several 
times  at  hia  own  place.  Last  winter  he  had  seen  it  on  three  occasions,  one  of 
which  was  on  the  morning  referred  to  in  Mr.  Browett's  paper,  although  he  lived 
seventy  miles  from  Coventry  where  Mr.  Browett  had  observed  the  snow-rollers. 
The  other  two  occasions  were  in  connection  with  the  Christmas  snowstorms. 
Snow  fell  on  Christmas  night  1906,  and  on  the  following  night  snow-rollers 
were  formed  in  great  abundance.  These  were  first  noticed  in  the  moonlight, 
and  in  the  morning  there  were  a  great  many  of  them,  the  largest  being  16  inches 
in  diameter  by  about  1  foot  long,  and  with  hollow  ends  and  short  centre  ;  the 
centre  in  some  had  altogether  disappeared.  Snow  fell  again  that  evening,  and 
on  the  morning  of  the  28  th  more  rollers  were  founds  also  on  January  29.  As 
regards  the  conditions,  nearly  all  the  accounts  referred  to  the  light  fluffy  snow 
falling,  followed  by  a  temperature  just  above  freezing  point  He  had  looked 
at  the  thermograph  last  year  on  each  of  these  three  occasions,  and  on  each  the 
minimum  temperature  occurred  in  the  early  evening,  being  followed  by  a 
considerable  rise  before  midnight  On  January  26  the  temperature  fell  to  17"* 
soon  after  sunset,  and  rose  later  in  the  evening  to  33^.  The  following  night  it 
fell  to  24"*  (between  5  and  6  p.m.)  and  rose  afterwards  to  34''.  On  the  third 
occasion  it  fell  to  30^**4,  which  was  not  so  low  as  previously,  and  then  rose  to 
36*.  It  therefore  appeared  that  a  necessary  condition  for  the  formation  of  these 
snow  rollers  was  a  temperature  slightly  above  freezing  following  a  rather  cold 
one. 

Mr.  J.  E.  Clark  remarked  that  one  interesting  point  about  these  snow 
rollers  was,  their  extreme  lightness  when  compared  with  similar  rolls  made  by 
hand.  He  thought  that  the  wind  lifting  the  rolls  would  account  for  thi&  It 
would  have  been  interesting  to  see  whether  the  weight  of  the  rolls  on  the  other 
side  of  the  slope  would  have  been  greater.  Possibly  the  larger  number  of  rolls 
on  the  slope  from  the  wind  indicated  that  the  wind  had  got  right  under  them. 
The  wind  must  have  been  sufficient  to  raise  the  balls  as  they  rolled.  The 
remarkable  zig-zag  showed  the  force  of  the  wind,  as  it  no  doubt  meant  that  the 
rolls  were  reversed  endways.  If  that  cylinder  were  examined  it  would  be 
found,  probably,  to  have  three  separate  axe& 

Mr.  C.  Browett,  in  reply,  thanked  those  present  for  their  kind  appreciation 
of  his  paper.  As  regards  the  description  of  the  snow  rollers  he  quite  agreed 
with  the  last  speaker.  It  was  a  strange  thing  that  none  of  them  should  have 
been  on  the  field  facing  the  wind,  while  a  great  number  were  on  the  field 
inclining  towards  the  wind.  He  also  remarked  that  the  most  noticeable 
characteristic  of  the  little  vortices  that  undoubtedly  caused  the  snow  rollers,  was 
their  persistency  independently  of  the  main  wind  current,  and  that  they  were 
not  dissipated  by  striking  against  the  house,  but  rebounded  directly  against  the 
main  wind  current,  though  they  were  not  then  strong  enough  to  produce  actual 
rollers. 

The  President,  in  thanking  Mr.  Browett  for  his  very  interesting  account, 
said  that  the  ingeniously  constructed  plan  of  the  snow  roller  was  one  of  the 
neatest  examples  of  coping  with  an  unexpected  meteorological  phenomenon  he 
had  seen. 


Digitized  by 


Google 


GOLD— BAEOMETER  READINGS  ON  LAND  AND  SEA  97 

COMPARISON  OF  SHIPS'  BAROMETER  READINGS  WITH 
THOSE  DEDUCED  FROM  LAND  OBSERVATIONS;  WITH 
NOTES  ON  THE  EFFECT  OF  OSCILLATORY  MOTION 
ON  BAROMETER  READINGS. 

By  ERNEST  GOLD,  M.A,  F.R.MetSoc. 

(Commanicated  by  the  Director  of  the  Meteorological  Office.) 
[Read  Febraary  19,  1908.] 

Preliminary  Note  by  Dr.  Shaw, 

In  plotting,  upon  the  working  charts  of  the  Meteorological  Office,  the 
observations  received  from  the  ships  of  H.M.  Navy  by  wireless  telegraphy 
within  the  past  year,  discrepancies  have  been  noticed  on  various 
occasions  between  the  pressure  readings  and  those  which  would  have 
been  anticipated  from  the  distribution  of  pressure  over  the  adjacent  land 
areas.  In  not  a  few  instances,  to  have  drawn  isobars  over  the  sea  in 
strict  accordance  with  the  observations  thereon  would  have  introduced 
such  contortions  into  the  generally  smooth  run  of  the  curves  that  the 
alternative  of  disregarding  the  observations  seemed  to  offer  a  course 
more  in  accordance  with  official  experience  of  nature.  Yet  in  many 
cases,  after  being  referred  to  the  ship  for  confirmation  or  correction,  the 
observations  were  returned  duly  confirmed.  It  had  also  come  to  my 
knowledge  that  the  discrepancies  between  ships'  readings  of  pressure  in 
the  Indian  Ocean  and  neighbouring  land  readings  were  the  occasion  of 
some  difficulty  in  the  interpretation  of  the  results.  At  the  same  time, 
having  regard  to  the  investigations  of  Sir  G.  Stokes  upon  ships' 
barometers,  errors  exceeding  the  hundredth  of  an  inch  could  not  be 
regarded  as  accounted  for  by  instrumental  difficulties.  In  order  to 
obtain  further  information  I  utilised  the  occasion  of  Mr.  Gold's  presence 
at  the  Office  for  some  days  at  the  commencement  of  this  year  to  obtain 
a  comparison  between  the  barometer  readings  of  a  number  of  ships  of 
the  Mercantile  Marine,  which  keep  a  four-hourly  log  for  the  Meteoro- 
logical Office,  and  the  simultaneous  values  of  the  pressure  as  deduced 
from  the  readings  of  barometers  ashore.  Mr.  Gold  has  made  the  question 
the  subject  of  the  report  which  follows. 

It  will  be  understood  that  the  inquiry  is  still  in  the  preliminary  stage. 
For  many  reasons  the  differences  are  not  ordered  with  any  regularity,  and 
conclusions  based  upon  the  general  trend  of  mean  values  showing  con- 
siderable diversity  among  themselves  are  liable  to  modification.  There 
is,  however,  sufficient  evidence  to  show  that  the  subject  deserves  further 
consideration,  and  it  is  with  the  hope  of  eliciting  assistance  from  those 
who  are  practically  interested  in  observations  at  sea  that  the  paper  is 
placed  before  the  Society. — W.  N.  Shaw. 


A  Comparison  of  Barometric  Headings  on  Land  and  Sea, 

The  following  is  a  preliminary  investigation  into  the  relation  between 
the  barometer  readings  taken  on  ships  during  their  passage  across  a  line 
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between  Falmouth  and  Brest,  and  the  readings  deduced  for  the  ships' 
position  from  the  observations  at  these  pkces  and  the  trend  of  the  isobars, 
on  the  assumption  of  regular  pressure  changes.  Such  an  investigation  is 
made  desirable  in  view  of  the  introduction  of  ships'  readings  into  daily 
weather  charts,  as  well  as  from  the  standpoint  of  the  different  land  and 
water  effects  on  the  atmosphere.  The  investigation  serves  the  further 
purpose  of  testing  the  readings  taken  on  board  ship  on  the  assumption 
that  the  land  observations  are  correct. 

The  materials  for  the  investigation  were  taken  from  meteorological 
logs  at  the  Meteorological  Office.  The  logs  were  kept  mainly  by  officers 
in  the  merchant  service,  a  few  on  ships  of  His  Majesty's  Navy. 

The  barometer  readings  on  the  ships  were  taken  without  exception 
from  Kew  pattern  mercury  barometers  reading  in  general  to  *005  in.  The 
barometers  have  their  tubes  constricted  to  prevent  pumping,  and  are  all 
certified  at  Kew  before  issue,  and  are  from  time  to  time  compared  with 
standards  at  the  Meteorological  Office.  The  index  error  is  never  greater 
than  ±  '015  in.,  and  is  generally  less,  at  all  parts  of  the  scale. 

The  readings  entered  in  the  log  are  the  actual  readings  taken,  with 
no  correction  whatever  applied ;  the  simultaneous  reading  of  the  attached 
thermometer  is  in  all  cases  entered  alongside  the  barometer  reading.  For 
the  purposes  of  comparison  the  readings  have  been  reduced  to  32°  F., 
and  to  actual  sea^Ievel.     The  gravity  correction  has  not  been  applied. 

The  readings  at  Falmouth  are  the  hourly  readings  of  the  photographic 
self-recording  barograph,  corrected  by  comparison  with  the  eye-readings 
of  a  standard  instrument.  They  are  published  reduced  to  32°,  and  a 
correction  of  '19,  *20,  or  *21  in.  has  been  applied  to  reduce  them  to  mean 
sea-leveL  The  difference  between  mean  sea-level  and  actual  sea-level 
does  not  exceed  10  ft.  The  readings  at  Brest  are  taken  three  times 
daily — at  7  a.m.,  noon,  and  8  p.m.  They  are  published  reduced  to  32°, 
and  a  correction  of  *24,  *25,  or  *26  in.  has  been  applied  to  reduce  them 
to  mean  sea- level  The  readings  for  Brest  at  the  time  of  the  ship's 
observation  have  been  obtained  by  interpolation  when  these  times 
diff'ered  from  those  of  the  Brest  observations.  The  results  for  4  a.m. 
and  4  p.m.  have  been  diminished  by  *01  in.  to  allow  for  diurnal  variation. 

The  latitude  and  longitude  of  the  ship  have  been  obtained  by  dead- 
reckoning  from  the  nearest  noon  observation,  or  from  the  time  when  the 
ship  was  at  some  known  spot,  off  Ushant  or  Eddystone  in  general.  The 
maximum  error  of  position  probably  does  not  exceed  10  miles  in  any 
direction.  The  maximum  error  therefore  in  the  deduced  barometer 
reading,  if  the  pressure  distribution  were  regular,  would  not  exceed 
'02  in.,  and  would  generally  be  much  less  than  this.  Falmouth  is  in 
lat.  50°  9'  N.,  long.  5°  4'  W. ;  and  Brest,  lat.  48°  24'  K,  long.  4°  30'  W. 

In  the  accompanying  tables  are  given  the  particulars  of  the 
observations  used.  The  first  five  columns  give  the  date,  time,  position, 
and  ship  at  which  the  observation  was  made.  Of  the  four  columns  of 
barometer  readings,  the  1st  gives  the  reading  taken  on  the  ship  reduced 
to  32°  and  to  sea-level.  The  2nd  and  3rd  columns  give  corresponding 
results  for  Falmouth  and  Brest.  The  4th  column  gives  the  result  deduced 
from  the  Falmouth  and  Brest  results  for  the  position  of  the  ship.  The 
remaining  columns  give  the  wind  observed  on  the  ship,  the  direction  and 
velocity  of  the  ship,  the  temperature  as  given  by  the  dry  bulb  at  the  ship 
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and  at  Falmouth,  and  the  wind  recorded  at  Falmouth  respectively.  The 
velocities  are  all  in  miles  per  hour. 

An  examination  of  the  tables  shows  that  the  pressure,  as  recorded  on 
the  ship,  is  in  nearly  all  cases  considerably  less  than  that  deduced  from 
the  land  observations.  The  magnitude  of  the  difference  varies  between 
wide  limits,  and  at  first  sight  does  not  appear  to  follow  any  law.  The 
results  were  therefore  plotted  in  various  ways,  and  the  diagrams  I.  and  IL 
obtained. 

In  Fig.  1  the  approximate  velocity  of  the  wind  relative  to  the  ship 

DiflTerancM  deduced  -  actual  Barometer  Readlnga,  and  Relativer 
Wind  Velocities  at  SUp. 
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is  taken  as  abscissa,  and  the  corresponding  depression  of  the  ship's 
barometer  in  hundredths  of  an  inch  as  ordinate.  The  dotted  curve  is 
drawn  through  the  mean  points  for  observations  in  which  the  relative 
wind  was  between  0  and  10,  10  and  20,  etc.,  miles  per  hour. 

The  curve  (A)  represents  the  relation  between  the  pressure  in 
hundredths  of  an  inch  of  mercury  and  the  wind  velocity,  according  to 
the  well-known  experimental  formula  j?='003V^,  or  in  our  units,  p== 
•000042V«. 

Dr.  Stanton,  Superintendent  of  the  Engineering  Department  of  the 
National  Physical   Laboratory,  has  kindly  communicated  the  result  of 
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experiments  on  models  at  the  National  Physical  Laboratory  for  the 
depression  produced  in  buildings  in  which  the  lee-side  doors  were  open 
while  those  on  the  windward  side  were  closed.  The  result  may  be 
expressed  by  the  formula  j?  = '0000 14 V^  where  ^  is  in  inches  of  mercury 
and  V  in  miles  per  hour.  The  curve  S  has  been  drawn  to  represent  this 
relation. 

The  barometer  on  board  ship  is  usually  hung  in  the  chart-room, 
which  for  purposes  of  ventilation  and  convenience  generally  has  the 
door  on  the  lee-side  open,  while  that  on  the  windward  side  is  closed.     In 


Diurnal  Variation  in  diiference  between  deduced  and  actual  Barometer 
Reading  at  Ship. 


Midt  4ekm.  8«^Tn.  Noon  Apm  6fxm  Midi 

19  18  22  25  27  Zl  19 

Average  Relative  Wind  in  miles  per  honr. 

Fig.  2 


very  high  winds  both  doors  may  be  closed,  and  any  depression  caused 
by  the  wind  can  only  be  due  to  ventilation.  An  inspection  of  Fig.  1 
shows  that  there  is  on  the  average  a  connection  between  the  wind 
velocity  and  the  barometric  depression,  but  the  depression  is  much  larger 
than  would  be  given  by  the  theoretical  curve  S.  The  results  roughly 
correspond  to  a  systematic  depression  of  '02  in.,  on  which  is  superposed 
the  depression  caused  by  the  relative  wind.  There  are  few  observations 
at  the  higher  velocities,  but  there  is  a  distinct  indication  of  a  falling  off 
in  the  magnitude  of  the  depression  corresponding  to  the  closing  of  the 
lee-side  door. 
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The  results  were  also  plotted  according  to  the  time  at  which  the 
obseryation  was  made ;  Fig.  2  gives  the  result.  There  is  a  small  semi- 
diurnal variation  in  the  mean  value  of  the  depression.  To  eliminate  as 
far  as  possible  the  effect  on  the  barometer  reading  of  a  diurnal  variation 
in  the  relative  wind  velocity,  the  amount  of  the  depression  as  given  by 
the  curve  S  for  the  mean  wind  velocity  at  the  various  hours  has  been 
subtracted  from  the  average  depression.  In  this  way  the  dotted  curve 
was  obtained,  which  still  shows  the  double  variation. 

There  is  a  noticeable  grouping  of  the  values  of  the  depression  about 
particular  values  in  the  night  and  early  morning  observations.  In  the 
day-time  the  results  are  more  evenly  distributed.  It  has  been  suggested 
that  the  large  errors  are  probably  due  to  the  observer  reading  his  instru- 
ment *05  in.  too  low.  Such  an  error  is  not  uncommon  even  at  land 
stations,  and  arises  through  the  peculiar  method  of  graduating  English 
barometers  in  tenths  and  half-tenths.  The  observer  reads  the  correct 
tenth  and  the  correct  vernier  reading,  but  omits  to  add  on  at  times  the 
*05.  If  this  were  the  case  with  the  readings  under  consideration,  it  would 
be  natural  to  suppose  that  a  majority  of  the  cases  in  which  the  error  ex- 
ceeded '05  in. would  occur  when  the  second  figure  after  the  decimal  place 
in  the  actual  reading  was  less  than  5.  An  inspection  of  the  actual  readings 
proved  that  there  was  no  such  tendency ;  the  number  of  cases  in  which 
this  was  1  to  4  was  nearly  exactly  equal  to  the  number  in  which  it  was 
6  to  9,  both  for  large  and  for  small  relative  velocities.  There  is  a  pre- 
ponderance of  cases  in  which  this  figure  is  5,  6  out  of  31 ;  but  this  could 
not  materially  affect  the  result,  and  we  are  forced  to  conclude  that  the 
depression  is  not  due  to  any  considerable  extent  to  accidental  errors  of 
reading. 

From  the  temperatures  given  for  1903,  it  appears  that  in  the  majority 
of  the  observations  the  temperature  at  the  ship  was  higher  than  that  at 
Falmouth.  At  the  same  time,  the  wind  velocities  over  the  sea  were  con- 
siderably greater  than  those  recorded  at  Falmouth.  The  wind  velocities 
are  in  miles  per  hour,  those  for  Falmouth  being  converted  from  the 
Robinson  anemograph  by  using  the  factor  2*2,  while  for  the  ship  the 
table  of  conversion  for  single  observations,  as  given  in  Simpson's  report^ 
is  used. 

There  does  not  appear  to  be  any  marked  connection  between  wind 
direction  and  the  value  of  the  depression,  except  that  for  South  winds 
(S.S.R  to  S.S.W.)  the  mean  value  is  about  half  the  average  value  for  other 
directions. 

A  comparison  of  some  of  the  values  with  the  height  of  the  tide  did 
not  reveal  any  connection,  but  it  is  possible  that  the  averaged  depressions 
corrected  for  wind  velocity  effect  would  rise  and  fall  with  the  tide. 

There  is  another  effect  (on  the  height  of  the  ship's  barometer)  which 
may  be  of  appreciable  magnitude,  namely,  that  due  to  the  vertical 
acceleration  as  the  ship  passes  over  a  series  of  long  waves.  If  the  ship 
is  moving  across  the  waves  with  velocity  V  relative  to  them,  we  may 
represent  the  height  of  the  barometer  above  mean  sea-level  at  any  instant 

by  y  =  a  sin  y  V<,  where  X  is  the  wave  length. 

The  vertical  acceleration  at  any  instant  is  therefore 
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If  this  condition  were  permanent  the  height  of  the  barometer  would 

be  h  •  -^,  where  h  is  the  true  height  and  g  the  acceleration  due  to  gravity. 

If  the  period  be  not  too  small,  the  motion  of  the  mercury  in  the 
constricted  tube  of  the  barometer  will  satisfy  an  equation 

where  g  is  a  constant,  and  x  represents  the  height  of  the  barometer. 

In  general  ^  will  be  small  compared  with  g^  and  we  may  write  this 
equation 

whence  a;  =  ^  +  /J  sin  i^^t  +  e j 

and  ^  =  3.*?.(?^y.       ,        ' 

The  barometric  height  therefore  oscillates,  and  the  amplitude  of  the 
oscillation  is  /}. 

Taking  J  =  240  ^corresponding  to  a  lagging  time  ^  of  four  minutes,  a  to 
be  10  feet,  ^^~  =  i,  we  get 

l^^ko  'k'^^  approximately, 

which  is  only  slightly  greater  than  ^^^^  of  an  inch. 

For  waves  100  yards  long  in  deep  water,  the  wave  velocity  is 
about  38  feet  per  second,  and  the  period  about  7^  seconds.  If  a  ship 
steaming  17  knots  is  meeting  such  a  series  of   waves  we  should  get 

^?l-^  =  4  seconds  approximately,  and  the  corresponding  value  of  /J  would 

be  given  by 

P  =  iyr  S  =  '^^  '''•  approximately. 

The  height  of  the  barometer  would  therefore  oscillate  through  a  range 
of  '02  in. ;  for  a  greater  value  of  a  the  range  would  be  proportionally 
larger. 

The  effect  of  the  inertia  of  the  mercury  has  been  neglected ;  its  intro- 
duction would  change  t  slightly,  but  would  affect  the  value  of  /?  only  by 

(  h  /2irV\2"\ 

changing  q  in  the  expression  under  the  square  root  into  g  |1  -  -  ( ^—  j  |. 

This  would  not  materially  affect  the  final  value  of  ^,  and  it  can  be  fairly 
left  out  of  account. 

It  may  be  that  in  taking  the  barometer  reading  at  a  time  when  the 
instrument  is  "pumping"  the  observer  chooses  the  instant  when  the 
mercury  is  at  its  lowest  level,  and  assumes  that  the  correct  value  is  thereby 
obtained.  From  the  above  calculations  it  would  appear  that  a  value  so 
obtained  would  always  be  too  low,  and  that  a  better  way  would  be  to 
observe  the  highest  and  lowest  readings  and  to  take  the  mean.  It  is 
assumed  that  the  support  of  the  barometer  is  such  as  to  enable  it  to 


1  See  Rqxtrt  of  tht  MeUorological  Ckmndl,  1880,  p.  28. 
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retain  its  vertical  position,  and  that  its  free  period  of  swinging  is  much 
smaller  than  the  period  of  the  oscillation  of  height. 

We  may  investigate  the  approximate  effect  of  swinging  on  the 
barometric  height  in  the  following  way.  The  effect  produced  by  swing- 
ing is  due  partly  to  the  upward  thrust  of  the  atmospheric  pressure  when 
the  barometer  is  inclined,  and  partly  to  the  outward  centrifugal  tendency 
owing  to  the  rotation  about  the  axis. 

Let  X  be  the  actual  length  of  the  mercury  column  at  any  instant,  let 
h  be  the  true  barometric  height  for  the  barometer  under  consideration, 

-  its  lagging  time,  0  its  inclination  to  the  vertical,  k  the  distance  of  the 

centre  of  the  mercury  column  below  the  point  of  support.  Then  we  may 
write  the  equation  of  motion  of  the  column  in  the  form 

lxA[^  +  ^'h-k^'  +  x  +  q(xcose-h)  =  0, 

g       J  a       g  ^^  ^         ' 

where  a  is  the  cross-section  at  any  point  and  A  that  at  the  upper  end. 
For  barometer  tubes  there  is  generally  a  constriction  in  the  middle  of  the 

tube  for  a  considerable  part  of  the  length,  and  consequently  A/—  is 

greater  than  h.  Let  us  call  it  h\  Further,  let  us  put  d  =  a  sinpt  where 
a  is  small.     The  equation  of  motion  may  then  be  written 

^-^:t  +  ii  +  q{x-h-^  +  f-ay  +  'fcos2pt  +  ^aycoB2pt}  =  0, 
The  solution  of  this  equation  is 


x  =  A(l+^'-^J^)+)8sin{2i,<+^), 


where  P  =  -^ ^^ 


Putting5  =  2j5,  h=2-5  it.,h'=2h=5,  —  =  1,  ^=32, /(;  =  4ina.  =  Jft., 

a=  0*1,  in  this  expression  we  find  /3=  '00005  in.  nearly. 

In  this  case,  therefore,  the  oscillation  is  negligible.  The  mean  value 
of  X  is,  however,  given  by 

=  h{l  +  -0025  -  -0021}  =  h{l  +  -0004), 

and  the  barometric  height  would  consequently  be  about  '012  in.  too  high. 
The  actual  value  of  p  for  a  station  barometer  here^  is  given  by 

—-  =  1  -5.     The  corresponding  value  for  x  with  a  and  k  as  before  would  be 

a;  =  ^(1  +  -0025  -  '0009)  =  h{l  +  -0016), 

and  the  mean  reading  would  be  about  *05  in.  too  high. 

It  is  not  easy  to  test  this  for  a  station  barometer  because  the 
mercury  falls  too  rapidly  if  the  barometer  is  brought  to  rest,  but  for  a 
marine  barometer  the  test  ought  not  to  be  difficult.  It  is  to  be  noted  that 
the  range  of  oscillation  alone  depends  on  the  value  of  q  and,  therefore,  on 
the  constriction  :  the  mean  value  of  x  is  independent  of  q.     From  a  rough 

^  At  Cambridge,  Barometer  M.O.  963. 
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trial  the  barometer  here,  M.O.  063,  appears  to  read  nearly  *045  in.  too 
high  for  a  swing  through  an  angle  corresponding  to  a  =  0*1  and  '20  for 
a  =  0'2  in  good  agreement  with  the  theoretical  amounts.  Both  for 
swinging  and  for  the  rise  and  fall  of  the  ship  some  time  must  elapse 
before  the  steady  oscillatory  state  is  reached. 

Taking  into  account,  therefore,  the  various  causes  which  can  appreciably 
influence  the  height  of  the  barometer  on  board  ship,  we  are  compelled  to 
say  that  until  the  two  chief  ones  at  any  rate,  the  wind  and  the  vertical 
acceleration  effects,  are  eliminated,  it  will  be  impossible  to  draw  any 
satisfactory  conclusions  regarding  the  relative  values  of  atmospheric 
pressure  over  sea  and  land.  One  can  say  in  general  that  there  appears 
to  be  a  tendency  for  the  barometric  pressure  to  be  lower  between 
Falmouth  and  Brest  than  would  be  expected  from  the  land  observations. 


DISCUSSION. 

Capt.  M.  W.  C.  Hkpworth  said  he  had  listened  with  a  great  deal  of 
pleasure  to  Mr.  Qold.  He  understood  that  the  inquiry  was  still  in  a  preliminary 
stage,  and  hoped  Mr.  Gold  would  follow  up  the  investigation  which  promised 
to  have  important  results.  In  carrying  on  the  work  he  thought  Mr.  Gold 
might  be  able  to  obtain  the  assistance  of  a  number  of  marine  observers  who 
would  be  interested  in  it  and  take  specially  careful  observations.  He  would 
suggest  that  the  barometric  observations  should  be  recorded  to  thre^  places  of 
decimals ;  that  the  position  of  the  ship  should  be  accurately  noted — it  would 
not  be  sufficient  accuracy  to  give  the  position  to  within  ten  miles  as  stated : 
captains  who  were  contented  to  navigate  their  ships  to  within  a  handful  of 
miles  in  the  Channel  came  to  grief.  Other  details  should  also  be  given,  such  as 
the  direction  and  force  of  the  wind  on  the  water,  as  estimated  by  the  observer, 
and  also  as  he  felt  it  on  the  ship  ;  the  speed  of  the  ship ;  its  motion,  and  the 
rise  and  fall  of  the  vessel  with  the  scud  of  the  sea.  Mr.  Gold  would  then  have 
a  number  of  reliable  observations  to  work  on.  The  difficulty  of  obtaining 
sufficient  observations  for  the  present  inquiry  arose  in  consequence  of  the  fact 
that  observers  were  so  busy  in  the  Channel  with  other  duties,  that  they  were 
not,  as  a  rule,  able  to  commence  observations  until  past  Ushant.  Mr.  Gold  con- 
siders that  this  investigation  serves  the  further  purpose  of  testing  the  readings 
taken  on  board  ship,  on  the  assumption  that  the  land  observations  were  correct ; 
but  he.  Captain  Hepworth,  felt  inclined  to  suggest  that  the  process  be  reversed  ! 
For  some  twenty  years  or  more  he  had  been  in  a  position  to  judge  of  the 
general  accuracy  of  barometric  observation  taken  by  sailors  on  board  ship,  and 
during  the  last  eight  years  he  had  had  the  opportunity  of  testing  the  capabilities 
of  land  observers  in  that  respect,  and  he  had  come  to  the  conclusion  that  seamen 
were  as  good  observers  as  landsmen.  With  regard  to  the  pumping  of  the 
barometer  in  a  seaway,  he  thought  the  observations  should  be  taken — that  is  to 
say,  the  vernier  set — when  the  mercury  had  touched  its  lowest  level,  instead  of 
observing  the  highest  and  lowest,  and  taking  the  mean.  With  large  ships,  such 
as  the  India,  referred  to  by  Mr.  Gold,  there  was  in  the  Channel,  as  a  rule,  very 
little  pitching  and  rolling,  rise  and  fall,  as  they  are  borne  on  three  waves  ;  so 
there  should  be  only  small  errors  from  these  causes.  In  comparing  barometric 
observations  taken  at  sea  with  those  deduced  from  land  observations  taken 
at  some  distance  off,  there  was  room  for  a  considerable  amount  of  error,  but  he 
would  let  that  pass.  After  all  the  sources  of  error  which  Mr.  Gold  had  told 
them  of  had  been  eliminated,  he  would  still  expect  to  find  a  difference  between 
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the  Bea  obBervations  and  those  deduced  from  the  land  observations.  If  they 
looked  at  any  of  the  wind  charts  of  the  great  oceans,  and  examined  the  wind 
arrows  round  the  coasts  they  would  see  that  the  Wind  had  a  tendency  to  cling 
to  the  land.  This  is  shown  to  some  extent  on  the  Daily  Weather  Charts  of 
the  Meteorological  Office.  Probably  Mr.  Brodie  and  his  assistants  in  the 
Forecasting  Branch  of  the  Office,  took  this  into  account  when  watching  for  the 
backing  wind  on  the  coast  of  Ireland.  Whether  the  land  was  high  or  low 
there  was  a  tendency  for  the  wind  to  follow  the  coast-line  in  all  parts  of  the 
world.  He  thought  that,  superposed  on  the  general  pressure  distribution, 
there  existed  a  gradient  between  land  and  sea,  and  accounted  for  it  in  that  way. 
Twenty-five  years  ago  he  had  first  mentioned  this  fact  in  a  paper  he  had  con- 
tributed to  the  Society. 

Dr.  W.  N.  Shaw  wished  to  point  out  that  the  question  raised  in  the  paper 
was  one  of  practical  scientific  importance.  As  regards  the  observations,  it 
might  be  assumed  that  the  observers  on  land  and  sea  were  equally  accurate ; 
it  was  not  the  competence  of  the  observers  that  was  in  question,  but  the  read- 
ings which  an  instrument  would  give  under  diflferent  conditions,  as  represented 
by  exposure  in  an  observatory  on  land  and  on  a  ship  at  sea.  The  question  of 
barometer  readings  was  not  a  new  one.  The  Observatory  at  Ben  Nevis  had 
been  greatly  hampered  by  the  fact  that  barometer  readings  had  to  be  rejected 
— not  corrected — when  the  wind  exceeded  force  3  on  the  Ben  Nevis  scale, 
because  they  were  too  much  affected  by  the  wind  in  those  circumstances.  That 
great  enterprise  was  continued  for  20  years,  and  if  they  considered  that 
meteorology  only  began  to  be  interesting  when  the  wind  got  beyond  force  3 
they  would  understand  the  gravity  of  the  question  under  discussion.  In 
another  part  of  the  world  a  proposal  to  incorporate  land  and  sea  observations, 
for  daily  charts,  was  in  danger  of  being  given  up  because  the  apparent  probable 
error  of  an  observation  at  sea  was  of  the  order  0*04  in.  This  state  of  things 
ought  not  to  be  accepted  after  fifty  years  of  meteorological  study.  They  were 
grateful  to  Mr.  Gold  for  bringing  the  matter  into  the  light  of  facts,  and 
enabling  them  to  get  some  criteria  as  to  the  extent  of  the  difference  to  be 
expected  in  different  circumstances. 

Until  the  facts  of  the  present  inquiry  were  set  out  he  had  supposed  that 
the  difficulties  of  barometric  readings  at  sea  or  in  winds  were  expressed  by 
what  is  known  as  '*  pumping,"  but  presumably  there  was  a  definite  pressure 
difference  as  well.  If  he  recollected  rightly.  Professor  Cleveland  Abbe  had 
described  a  contrivance  for  obviating  the  effect  of  pumping,  by  having  the 
barometer  in  a  closed  case  which  communicated  with  the  free  air  by  means  of 
a  pipe  terminating  in  a  double  flange.  In  view  of  the  information  now  before 
us,  it  TTOuld  be  interesting  to  consider  what  the  possible  effect  of  wind  could 
be  upon  a  barometer  if  the  position  were  chosen  to  exhibit  that  effect  to  the 
greatest  extent 

With  a  barometer  in  a  closed  room  communicating  with  the  outside  by  a  tube 
bent  to  face  the  wind,  the  pressure  recorded  in  inches  of  mercury  would  be 
greater  than  the  true  pressure  in  the  flowing  air  by  a  quantity  equal  to 
'0000427^,  as  shown  by  Mr.  Gold.  This  was  the  maximum  interference  which 
could  be  got  with  the  barometer  in  consequence  of  wind  blowing  directly  on 
the  mouth  of  the  communication  between  the  outside  air  and  the  room  con- 
taining the  barometer.  On  the  other  hand,  if  they  placed  a  barometer  in  a 
closed  room,  and  took  up  a  pipe  arranged  so  that  the  wind  blew  across  the 
opening,  the  effect  upon  the  readings  would  be  of  about  the  same  magnitude  ; 
but  in  the  opposite  direction,  the  recorded  pressure  would  be  less  than  the  true 
pressure  by  *000042V^.  These  variations  amount  to  about  '05  in.  for  wind 
of  36  miles  per  hour,  just  reaching  gale  force.  Thus  if  two  barometers  were 
compared,  and  one  were  subject  to  the  effect  of  direct  impact  of  the  wind  and 
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the  other  to  the  effect  of  suction  due  to  cross  blowing,  they  might  show  a 
difference  of  0*1  inch  in  a  .3 5 -mile  wind.  This  is  the  greatest  amount  of 
difference  attributable  to  such  causes  even  in  extreme  conditions  for  a  wind 
of  that  velocity.  If,  however,  there  were  two  openings,  one  directly  exposed 
to  the  wind,  and  the  other  having  the  wind  blowing  across  it^  the  two  acting 
together  therefore,  if  properly  adjusted,  would  counteract  each  other  and  pro- 
duce no  change  of  pressure  at  all.  The  first  conclusion  from  the  paper  was 
that  they  seldom  found  a  barometer  exposed  under  those  conditions. 

The  conditions  of  actual  exposure  of  two  barometers  might  be  anything 
between  the  extremes  on  either  side,  and  thus  a  comparison  of  the  two 
for  a  35-mile  wind  might  show  anything  between  -{-0*1  and  —  0*1  according  to 
circumstances. 

The  next  conclusion  to  be  drawn  was,  that  the  exposure  on  board  ship  as 
a  rule  is  such,  that  the  barometer  readings  show  the  effects  of  '<  suction "  as 
compared  with  the  barometer  at  Falmouth  Observatory. 

The  inquiry  is  still  in  a  preliminary  stage  because  the  number  of  observa- 
tions is  small  A  sufficient  number  of  observations  would  enable  them  to  tell 
how  to  expose  a  barometer  in  order  to  know  what  the  amount  of  error  would 
be,  and  therefore  what  correction  would  be  required. 

As  regards  the  last  part  of  the  paper,  he  must  thank  Mr.  Qold  for  including 
the  solution  of  the  problems  of  the  effect  of  the  rise  and  fall  of  the  ship  in  a 
train  of  waves,  and  the  effect  of  a  pendular  oscillation.  It  was  very  convenient 
to  have  the  magnitude  of  the  errors  due  to  those  causes  ascertained. 

Mr.  H.  Harries  said  that  Mr.  Qold  was  to  be  congratulated  on  the  success 
which  had  attended  his  very  interesting  investigation  of  a  problem,  the  importance 
of  which  had  probably  not  hitherto  occurred  to  meteorologists.  Practical 
experience,  however,  shows  that  at  many  land  stations  the  pressure  observations 
are  as  unreliable  as  those  taken  at  sea,  similar  causes  producing  similar  results. 
Last  Friday  evening  (February  14)  there  was  a  very  rapid  decrease  and  increase 
of  pressure  on  our  north-western  coasts,  accompanied  by  high  winds.  At  one 
statioD,  where  the  barometer  is  in  a  hut  on  a  very  exposed  headland,  and  with 
an  over-abundance  of  roof  ventilation,  the  barogram  is  formed  of  a  series  of 
violent  oscillations,  producing  a  curve  which  at  times  has  a  breadth  of  0*1  in. 
or  more.  At  a  neighbouring  station,  where  the  barometer  is  suspended  in  the 
observer's  private  house,  and  properly  protected  against  varying  air  currents, 
the  barogram  is  a  beautifully  smooth  and  regular  curve,  absolutely  free  from 
any  irregular  fluctuations.  Investigation  will  probably  result  in  proving  that 
all  barometers  fixed  in  tall,  chimney-like  structures,  such  as  lighthouse  towers, 
read  too  low  in  consequence  of  an  up-draught,  which  in  lighthouses  would 
be  greatly  strengthened  by  the  heat  from  the  illuminating  machinery  on  the 
upper  floors,  reducing  the  barometric  pressure  by  as  much  as  0*05  in.  These 
may  be  described  as  artificial  conditions  of  exposure,  but  in  Southern  Europe 
we  are  provided  with  an  illustration  of  the  same  thing  on  a  vast  natural  scale. 
The  Alpine  range,  rising  to  between  10,000  and  16,000  feet,  towers  above  the 
plains  of  North  Italy.  When  the  general  atmospheric  conditions  favour  strong 
Westerly  winds  and  gales  above  this  high  wall,  so  great  is  the  suction  of  the 
air  from  the  plains  on  the  lee  side  that  the  barometer  readings  at  Turin,  Milan, 
Cremona,  Verona,  and  other  observatories,  are  not  only  hundredths,  but  actually 
tenths  of  an  inch  lower  than  if  the  Alpine  barrier  did  not  exist  On  the  other 
hand,  when  the  conditions  produce  a  steady  flow  of  easterly  wind,  such  an  excess 
of  air  becomes  imprisoned  within  the  basin  that  the  barometer  rises  very  much 
higher  at  these  stations  than  at  neighbouring  ones  on  the  French  side  of  the 
Alps. 

Mr.  R.  Inwards  remarked  that  it  did  not  seem  to  him  impossible  to  get 
more  extended  experiments  by  means  of  Marconigrams,  or  other  signals — say  on 
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a  voyage  along  the  coast  of  Portugal  so  as  to  take  land  and  sea  observations  at 
the  same  time.  They  would  then  get  some  really  sound  facts,  and  thus  prepare 
the  way  for  calculations  and  deductions. 

Capt  K  C.  Warden  remarked  that  he  had  been  very  interested  in  the 
point  regarding  the  fluctuations  of  a  ship's  barometer.  He  had  had  two  baro- 
meters on  board  ship,  one  hanging  in  the  entrance  to  the  staircase,  and  the  other 
in  a  cupboard  in  the  chart  room.  In  the  China  seas,  where  the  barometer  was 
watched  with  the  greatest  care  .during  the  passage  of  two  typhoons,  the  observa- 
tions from  the  two  barometers  differed  greatly,  though  in  ordinary  weather  their 
readings  agreed.  The  barometer  on  the  staircase  became  quite  demoralised  for 
no  apparent  reason,  and  the  readings  were  most  unreliable.  The  other  barometer 
gave  most  accurate  results.  He  was  greatly  indebted  to  Mr.  Qold  for  supplying 
a  possible  explanation  for  this  fact,  as  hitherto  he  had  failed  to  understand  why 
the  barometer  on  the  staircase  should  have  become  useless  ;  and  ,on  behalf  of 
seafaring  men  he  thanked  Mr.  Qold  for  his  investigations. 


Meteorological  Work  at  the  Boyal  Observatory,  Greenwich,  1907. 

The  Meteorological  observations  by  eye  and  by  self-recording  instruments 
have  been  maintained  as  usual,  and  the  special  observations  of  clouds  on  selected 
days  in  each  month  have  been  continued  at  the  request  of  the  International 
Bklloon  Committee,  a  Fineman  nephoscope  having  been  used  for  this  purpose. 

Daily  reports  have  been  issued  as  in  previous  years  ;  weekly  meteorological 
returns  furnished  to  the  Registrar-Gkneral ;  monthly  returns  of  temperature, 
rainfall,  and  sunshine  to  the  Royal  Meteorological  Society ;  and  monthly  reports 
(instead  of  quarterly  as  in  recent  years)  to  the  Meteorological  Office. 

The  temperature  of  the  air  ranged  between  8 2** '7  on  September  25,  and 
22'*'4  on  January  24.  1907  was  thus  the  third  year  having  its  highest 
temperature  in  September,  a  feature  unknown  in  the  first  fifty-four  years  of  the 
Qreenwich  records ;  and  this  highest  temperature  occurred  later  than  in  any 
other  year  of  the  series,  that  in  1895  being  on  September  24.  The  only  other 
daily  maximum  reaching  80**  during  the  year  was  Sl'^'d  on  May  12.  Instances 
of  readings  of  80**  and  upwards  in  May  only  have  occurred  before,  in  1841 
and  1862  ;  but  1907  is  unique  in  showing  such  readings  before  and  after,  but 
not  during,  what  are  regarded  as  the  three  summer  months.  The  daily 
maximum  reached  80**  twice  only  in  1841  and  1853,  once  only  in  1862  and 
1879,  and  not  at  all  in  1860,  when  the  highest  reading,  76** '5,  was  in  May. 

Notwithstanding  the  absence  of  high  temperature  readings  in  the  summer 
the  mean  temperature  for  the  year  was  49^**4,  or  only  0^*2  below  the  average 
for  the  65  years  1841-1905,  the  outstanding  months  being  July  4''*0  below, 
June  2'**9  below,  and  March  2'' -4  above  the  corresponding  average  valuea 

The  duration  of  sunshine  recorded  in  the  year  was  1417  hours,  the  sun 
having  been  above  the  horizon  for  4459  hours,  so  that  the  total  feU  short  ot 
the  average  for  1897-1906  by  85  hours.  March,  however,  was  the  sunniest  on 
record  at  Qreenwich  with  170  hours  of  bright  sunshine.  The  greatest  actual 
duration  on  a  single  day  was  13*5  hours  on  June  16,  but  the  greatest  percentage 
was  88*4  per  cent  on  August  28,  so  that  the  intensity  as  weU  as  the  duration 
appears  to  show  a  decided  falling  off  in  comparison  with  the  exceptional  con- 
ditions of  the  preceding  year.  There  were,  during  1907,  71  days  on  which  no 
register  of  sunshine  was  obtained,  one  of  these  days  occurring  in  each  of  the 
months  June,  July,  August,  and  September. 

The  highest  reading  of  the  solar  radiation  thermometer  with  blackened 
bulb  in  vacuo  was  142*'*3  on  June  9  (again  a  distinct  falling  off  in  comparison 
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with  1906),  and  the  lowest  reading  on  the  grass  was  8** -8  on  January  25.  The 
difference  between  the  ^  highest  in  the  sun's  rays "  and  the  "  lowest  on  the 
grass"  exceeded  100''  on  only  5  days  (as  against  32  in  1906),  the  maximum 
diflference,  lOT'^'S,  being  one  of  the  features  of  the  phenomenally  fine  Easter 
Day,  March  31. 

The  number  of  days  when  air  temperatures  of  32^  or  less  were  recorded 
was  45,  of  which  the  first  three  months  were  responsible  for  37,  and  the  cold 
night  of  April  18-19  for  two  more,  leaving  only  six  for  the  end  of  the  year. 
December  with  one  night-frost  (December  15-16),  accounting  for  two  of  these,  was 
thus  on  a  level  with  April. 

On  the  ground,  the  number  of  days  similarly  counted  with  readings  of  32* 
and  under  was  133.  Using  the  Meteorological  Office  limit  of  SO"*  and  under 
the  number  of  days  was  103,  which  is  further  reduced  to  86  by  considering  the 
night  as  the  unit  instead  of  the  day. 

Rain  fell  on  163  days  in  the  year  to  the  total  amount  of  22*250  ins.,  being 
1-872  in.  less  than  the  average  for  the  65  years  1841-1905.  The  driest 
month  was  September  with  0*623  in.  ;  the  actually  wettest  was  October  with 
3*252  ins.,  but  the  relatively  wettest  was  April  with  3*139  ins.  The  greatest 
fall  in  one  day  was  1*026  in.  on  June  29,  Uie  exact  anniversary  of  the  wettest 
day  in  1906.  Falls  of  more  than  half  an  inch  occurred  also  on  April  26,  June 
1,  November  18,  26,  and  27,  December  12  and  13.  An  exceptionally  long 
period  without  rain  was  one  of  nineteen  days  from  September  7  to  September 
25  inclusive. 

The  greatest  recorded  pressure  of  the  wind  was  23*0  lbs.  to  the  square  foot 
on  March  19.  On  five  other  days  pressures  exceeding  20  lbs.  to  the  square  foot 
were  recorded.  The  greatest  daily  velocity  was  936  miles  on  February  20, 
and  the  least  22  miles  on  September  12.  The  greatest  hourly  velocity  was  50 
miles  for  the  hour  ending  at  noon  on  February.  20.  The  total  movement  for 
the  year  was  103,281  miles,  the  greatest  monthly  movement  being  11,450  miles 
in  December,  and  the  least  5157  miles  in  September.  The  summer  was  excep- 
tionally windy ;  a  comparative  lull  in  July,  however,  enabled  1882  to  retain 
its  "record "for  the  three  months  total,  though  June  1907  with  10,606  miles 
was  easily  the  windiest  June  in  the  Greenwich  records,  beating  1882  by  867 
miles.  The  mileage  for  the  three  summer  months  was  27,025,  as  against  28,1 17 
in  1882. 

A  discussion  of  40  years'  homogeneous  records  of  the  Robinson  anemometer 
is  in  progress,  but  changes  in  the  staff  have  greatly  hindered  it,  the  only  portion 
actually  adopted  for  use  being  the  daily  average,  for  which,  from  January  1, 
1907,  a  table  constructed  similarly  to  that  in  use  for  daily  temperature  has 
been  employed. — Walter  W.  Bryant,  for  the  Astronomer  Royal,  March  17, 
1908. 
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EEPOET   OF   THE   COUNCIL 

FOR  THE  YEAR  1907. 
[Submitted  to  the  Annual  General  Meeting,  January  15,  1908.] 

In  presenting  their  Report,  the  Council  observe  with  pleasure  the  marked 
and  increasing  interest  which  is  being  taken  in  the  science  of  Meteorology 
throughout  the  country.  The  Lectures  and  Exhibitions  inaugurated  by 
the  Society  are  bearing  fruit;  and  that  the  efforts  of  the  Society  are 
appreciated,  is  shown  by  the  large  increase  in  the  roll  of  the  Fellows,  who 
now  exceed  700,  a  number  which  has  never  before  been  reached. 

Amongst  the  losses  by  death  the  Council  have  to  record  the  names 
of  six  Fellows  who  have  done  good  service  to  Meteorology  in  various 
ways.  Dr.  Robert  Barnes  and  Admiral  John  Pearse  Maclear  were  for 
some  time  members  of  their  body;  Dr.  Alexander  Buchan  was  the 
first  recipient  of  the  Symons  Memorial  Medal ;  Mr.  Henry  Chamberlaine 
Russell  was  the  Government  Astronomer  for  New  South  Wales;  Dr. 
Wilhelm  von  Bezold  of  Berlin,  an  Honorary  Member,  was  the  head  of 
the  Prussian  Meteorological  Institute ;  and  Dr.  Maurits  Snellen,  also  an 
Honorary  Member,  was  formerly  the  head  of  the  Meteorological  Institute 
of  the  Netherlands. 

Committees. — The  Council  have  been  materially  assisted  during  the 
year  by  the  following  Committees : — 

Editing  Committek — The  President,  Messrs.  Bayard,  Bentley, 
Inwards,  and  Scott 

General  Purposes  Committee. — The  President,  Secretaries, 
Treasurer,  Messrs.  Bentley,  Inwards,  Latham,  and  Shaw. 

Kite  Committee  (to  co-operate  with  other  bodies  for  the  pro- 
motion of  the  study  of  the  Upper  Atmosphere). — The  President, 
Secretaries,  Col.  Capper,  Messrs.  Cave,  Curtis,  and  Capt  Hepworth. 

Local  Scientific  Societies  Committee. — The  President,  Secre- 
taries, Treasurer,  Messrs.  Bentley,  Clark,  and  Druce. 

Co-operation  with  the  Meteorohgicdl  Office, — ^The  Council  regret  that, 
as  concurrence  on  the  part  of  all  the  meteorological  authorities  interested 
has  not  yet  been  secured,  the  Meteorological  OfGice  has  not  been  able  to 
carry  out  the  scheme  for  a  joint  publication  of  Monthly  Summaries  of 
Observations  for  the  BritiBh  Isles.  The  matter  is  being  kept  in  mind, 
and  the  Council  trust  that  before  long  the  desired  end  will  be  attained. 
The  arrangements  imder  which  certain  meteorological  data  are  supplied 
by  the  Society  to  the  Meteorological  Office  have  been  revised  at  the 
request  of  the  Director. 

Symons  Memorial  Medal, — The  Council  have  awarded  the  Symons 
Grold  Medal  for  1908  to  Monsieur  L6on  Teisserenc  de  Bort,  in  con- 
sideration of  the  distinguished  work  which  he  has  done  in  connection 
with  meteorological  science,  especially  the  study  of  the  upper  air. 

Howard  Medal, — The  Howard  Medal,  which  is  competed  for  annually 
by  the  Cadets  of  the  Nautical  Training  College,  H.M.S.  Worcester,  was 
won  by  Cadet  Dennis  Duncan  Philby,  for  an  essay  on  "  The  Meteorology 
of  the  Atlantic." 
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Lecture, — Major  B.  F.  S.  Baden-Powell  delivered  a  Lecture  before 
the  Society  on  March  20,  on  "  The  Exploration  of  the  Air,"  which  was 
illustrated  by  models  and  lantern  slides. 

Kite  Committee, — This  Committee  co-operates  with  a  Committee  of 
the  British  Association  and  with  the  Meteorological  Office.  The  Kite 
work  at  Glossop  Moor,  Derbyshire,  has  been  continued  under  the 
direction  of  Mr.  J.  K  Petavel,  F.R.S.,  and  ascents  have  been  made 
when  circumstances  permitted.  A  paper  embodying  a  discussion  of  the 
Kite  observations  made  at  the  four  stations  in  England  during  1906-7 
was  read  at  the  November  meeting  of  the  Society. 

The  Committee  have  learned  with  much  pleasure  that  mainly  through 
the  liberality  of  Dr.  Arthur  Schuster,  a  Fellow  of  the  Society,  the 
University  of  Manchester  has  been  enabled  to  place  the  station  at  Glossop 
Moor  upon  a  satisfactory  footing  for  two  years  from  January  1,  1908,  at 
an  estimated  cost  of  about  £1000.  The  station  is  to  be  known  as  the 
Howard  Estate  Meteorological  Station  of  the  University  of  Manchester, 
and  systematic  observations  of  the  upper  air  will  be  carried  on  there  for 
the  period  named.  The  Committee  have  been  asked  and  have  agreed  to 
provide  a  captive  balloon  for  the  Howard  Estate  Station,  which  is 
intended  for  use  in  calm  weather.  This  will  furnish  observations  of  the 
upper  air  under  quiet  conditions,  which  hitherto  have  not  been  possible. 

Systematic  observations  are  also  carried  out  by  Mr.  Dines,  for  the 
Meteorological  Office  at  Pyrton  Hill,  Oxfordshire,  by  Mr.  Cave  at  Ditcham 
Park,  Petersfield,  and  by  Mr.  S.  H.  K.  Salmon  at  Brighton.  On  the 
invitation  of  the  International  Commission  of  Scientific  Aeronautics  the 
Committee  resolved  to  take  part  during  the  years  1907  and  1908  in  an 
international  scheme  for  the  investigation  of  the  Upper  Atmosphere,  by 
means  of  ballons-sondes  carrying  self-recording  instruments,  and  of  smaller 
balloons,  the  height  and  drift  of  which  would  be  determined  by  angular 
measurements.  For  this  purpose,  in  the  past  year  the  Joint-Committee, 
besides  assisting  in  the  maintenance  of  the  Glossop  Moor  Station,  arranged 
for  special  stations  at  Sellack,  near  Ross,  Herefordshire,  and  at  Dublin, 
with  the  cooperation  of  Captain  Ley  and  of  Professor  Thrift  respectively, 
and  the  Meteorological  Office  made  provision  for  a  series  of  ascents  at 
Crinan,  Argyleshire.  Ascents  were  made  on  July  22  to  27,  September  4, 
5,  and  6,  and  November  6,  7,  and  8.  The  ascents  have  been  successful, 
and  reports  summarising  the  results  have  been  laid  before  the  Society.  A 
supply  of  pilot  balloons,  and  also  a  cylinder  of  hydrogen  gas,  were  sent  out 
to  Professor  D'Albuquerque  at  Barbados,  who  made  theodolite  observations 
on  the  height  and  drift  of  balloons  on  November  6  to  8.  Towards  the 
expenses  of  the  Committee's  share  of  this  investigation  the  Government 
Grant  Committee  of  the  Royal  Society  made  a  grant  of  £100,  and  in 
response  to  a  letter  to  the  Fellows  of  our  Society  issued  by  the  Counci], 
additional  subscriptions  of  £40  :  16  :  6  have  been  received.  The  arrange- 
ments for  1908  are  not  yet  completed,  but  the  British  Association  has 
reappointed  its  Committee  to  co-operate  with  the  Kite  Committee,  with 
a  grant  of  £25.  The  Council  gratefully  acknowledge  the  services  of  the 
observers  mentioned. 

Local  SderUific  Societies*  Committee, — In  connection  with  the  Society's 
scheme  for  diffusing  a  knowledge  of  Meteorology,  Mr.  Marriott  has  during 
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the  past  7ear  delivered  lectures  at  nine  centres  in  various  parts  of  the 
country.  At  the  Lincoln  Show  of  the  Royal  Agricultural  Society  on 
June  25  to  29,  a  Meteorological  Exhibit,  including  a  typical  Clima- 
tological  Station,  was  arranged,  and  addresses  were  given  by  Mr. 
Marriott.  In  connection  with  this  Show  a  well-attended  Conference  was 
held  on  the  question  of  Nature  Study  in  Schools,  in  which  one  of  the 
subjects  discussed  was  "that  Elementary  Meteorology  is  a  desirable 
subject  for  rural  education." 

With  reference  to  the  Elementary  Schools,  the  Committee  have 
offered  for  competition  by  Elementary  Teachers  and  others,  three  prizes 
of  £5,  £3,  and  £2,  for  the  three  best  papers  embodying  a  Nature 
Study  Lesson  on  Weather  and  Climate,  together  with  a  synopsis  of  five 
other  lessons  suitable  for  children. 

The  Committee  sent  letters  to  the  Board  of  Agriculture  and  Fisheries, 
the  Royal  Agricultural  Society,  the  Highland  and  Agricultural  Society, 
and  a  number  of  the  Agricultural  Colleges,  calling  attention  to  the  bearing 
of  Meteorology  on  Agriculture  and  Horticulture, 

The  President,  on  behalf  of  the  Society,  gave  evidence  before  the 
Departmental  Committee  on  Agricultural  Education  on  the  subject  of 
Meteorology  and  Agriculture.  Replies  to  these  letters  have  been  received 
and  are  now  being  considered. 

The  Geological  Socieii/s  CefrUenary, — The  Geological  Society  invited  this 
Society  to  send  a  delegate  to  its  Centenary  Celebration  on  September  26 
to  28,  and  at  the  request  of  the  Council  the  President  represented  the 
Society  on  the  occasion. 

Franco-British  Exhibition, — The  Council  having  received  an  invitation 
to  send  a  representative  to  serve  on  the  Science  Committee,  nominated 
the  President.  Several  Fellows  of  the  Society  are  members  of  the  sub- 
committee which  has  been  appointed  to  arrange  a  Meteorological  Exhibit. 

Research  Fund, — ^This  fund  is  represented  by  £72  :  11 : 5  Consols. 
No  grants  have  been  made  from  it  during  the  year,  nor  has  it  been  in- 
creased by  new  donations. 

Meetings, — ^With  the  exception  of  those  in  May  and  June,  which  were 
held  in  the  Society's  rooms,  the  Meetings  took  place  as  in  former  years, 
by  the  courtesy  of  the  President  and  Council  of  the  Institution  of  Civil 
Engineers,  at  their  house  in  Great  (Jeorge  Street,  Westminster. 

Dinner, — A  successful  Dinner  of  the  Society  was  held  at  the  Trocadero 
Restaurant,  on  Tuesday,  June  18,  at  which  seventy-five  gentlemen,  includ- 
ing a  number  of  distinguished  guests,  were  present.  The  Council  hope 
that  it  will  become  an  annual  function,  and  be  attended  by  the  Fellows 
in  increasing  numbers. 

Publications, — The  volume  of  the  Quarterly  Journal  for  1907  consists 
of  320  pages,  and  contains  the  papers  read  at  the  Meetings  of  the  Society, 
with  an  abstract  of  the  discussions  that  followed,  correspondence,  and 
numerous  notices  of  meteorological  interest.  The  section  of  "  Meteoro- 
logical Literature"  has  been  continued  as  a  special. feature. 

Four  parts  of  the  Meteorological  Record  have  been  issued  during  the 
year,  bringing  this  publication  up  to  December  1906. 

For  Continuation  of  Report  of  the  Council^  see  page  122. 
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APPENDIX 
STATEMENT  OF  RECEIPTS  AND  EXPENDITURE 


RECEIPTS. 

Baknce  from  1906 . 

,            , 

, 

£821     8     1 

Subscriptions  for  1907 

£866 

0 

0 

Do.        for  former  years 

43 

0 

0 

Do.        paid  in  adyance 

92 

0 

0 

Life  Compositions  . 

808 

0 

0 

Entrance  Fees 

106 

0 

0 

1414     0     0 


Meteorological  Office— Copies  of  Returns  ....        £98  15    8 
Do.  Qrant  towards  Inspection  Expenses  26    0    0 


Dividends  on  Stock  (including  £47  :  19 :  10  from  the  New  Premises 
Fund)  ....... 

Sale  of  Publications,  kc.    . 

Advertisements     ....... 


128  15 

8 

147     4 
81     8 
24     5 

6 
7 
6 

£2061  11  11 
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FOR  THE  YEAE  ENDING  DECEMBER  31,  1907. 


EXPENDITURE. 
Jowmalt  ibe, — 
Quarterly  Journal,  Nos.  141  to  144 
lUostratioiis  ...... 

Aathors'  Copies      ...... 

Meteorological  Record,  Nos.  101  to  104     . 


PrinHngt  <fcc — 
General  Printing    . 
Stationery  . 
Books  and  Bookbinding 


£162    0  6 

80    2  6 

15  14  6 

86    6  6 


£20  16  0 
16  19  7 
20    8  11 


£294    4    0 


68    4    6 


Salaries 

Rent    •       . 

Coals,  Lighting,  ^d  Insurance 

Casements,  Furniture,  and  Repairs 

Postage 

Petty  Expenses 

Refreshments  at  Meetings 

Telephone  . 

Lecture 

Two  Howard  Medals 


Observatiana — 
Inspection  of  Stations 
Obserrers   . 
Instruments 


£607  16  9 

212    0  0 

15    5  6 

25  19  0 

73     8  8 

9    4  5 

14     5  7 

6  10  0 

10  10  0 

2    8  6 


£60     5    0 

11     4     0 

4     8     0 


Stocks 
Purchase  of  £145  : 2 : 0  New  South  Wales  4  per  cent  Inscribed  Stock  at  108 


977    8    0 


75  12    0 


156  15    2 
£1561  18    8 


BcUanee — 
At  Bank  of  England 

At  London  and  Westminster  Bank — Deposit 
In  hands  of  the  Assistant-Secretary 


£187    4    9 

800    0    0 

12    8    6 


499  18    8 
£2061  11  11 


Examined,  compared  with  the  vouchers,  and  found  correct, 
January  8,  1908. 


T.  P.  NEWMAN,       \j^ii^^ 
J.  W.  FORRESTER, /"*^*^'- 
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APPENDIX 
ASSETS  AND  LIABILITIES 


LIABILITIES. 


Subscriptions  paid  in  advance 

Rent  for  quarter  ending  December  25,  1907 

Excess  of  Assets  over  Liabilities    . 


£92    0    0 
58    0    0 


£145    0    0 
8730  19    6 


£3876  19     6 


W"*-  MARRIOTT,  Assistant-Secretary. 


NEW  PREMISES  FUND, 


Interest  received  on  Investment 


£47  19  10 


RESEARCH  FUND, 


Interest  received  on  Investment 


£1  15     6 
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/. — continued, 

ON  DECEMBEE  31,  1907. 


ASSETS. 

Great  Central  Railway  4^  per  cent  Debenture  Stock,  £800  at 

120 

New    South    Wales    4    per    cent    Inscribed    Stock,    £800    at 

106 

London  k  North- Western  Railway  Consolidated  Stock,  £400 

atl49i 

London  &  North-Westem  Railway  4  per  cent  Preference  Stock, 

£12  at  114 

Annuities,  2^  per  cent,  £231 :  11 :  9  at  82} 

Subscriptions  unpaid,  estimated  at  .  .  . 

Entrance  Fees  unpaid         ..... 
Interest  due  on  Stock         ..... 
Interest  on  Deposit  at  London  and  Westminster  Bank    . 
Meteorological  Office— Weekly  Returns,  1907       . 
Sale  of  Publications  by  E.  Stanford,  1907 

Furniture,  Fittings,  &c.     . 

Instruments  ...... 

Cash  at  Bank  of  England  ..... 
Cash  in  hands  of  the  Assistant-Secretary  . 
Deposit  at  London  and  Westminster  Bank 


£960  0 

0 

840  0 

0 

698  0 

0 

13  13 
190  9 

7 
7 

£42  0  0 
23  0  0 
67  13  6 
8  13  0 
28  10  11 
31  6  9 

£465  16 
117  2 

3 
9 

£187  4 

12  8 

300  0 

9 
6 
0 

191     4     1 


682  19     0 


499  13    8 
£3875  19     6 


Examined,  and  Securities  seen  at  the  Bank  of  England, 
Janttary  8,  1908. 


T.  P.  NEWMAN,      \j,,M.v.. 
-    — —    >Awiuor8. 


J.  W.  FORRESTER, 


DECEMBER  31,   1907. 


Amount  paid  to  the  Society's  Fund  towards  the  rent  of  offices  at  70  Victoria 

Street £47  19  10 


Note. — The  Society  holds  on  account  of  this  Fund  £1443  -.7:9  South  Australian  8^  per 
cent  Inscribed  Stock. 


January  8,  1908. 
DECEMBER  31,  1907. 


Examined  and  found  correct, 

T.  P.  NEWMAN,      \  .,,^,y^. 
J.  W.  FORRESTER,  i^'^''^*- 


Cash  at  Bank  of  England   ....... 

i^o^. >-The  Society  holds  on  account  of  this  Fund  £72 :  11 : 6  Consols. 
Examined  and  found  correct. 


£1  15    6 


January  8,  1908. 


T.  P.  NEWMAN,      \v,^,.y^,, 
J.  W.  FORRESTER, /^*^*^^*' 
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APPENDIX 
SYMONS  MEMORIAL  MEDAL 


Balance  in  hand  from  1906 
Interest  received  on  Investment . 


£31     4  11 
18  18    0 

£60    2  11 


LOCAL  SCIENTIFIC  SOCIETIES' 


Balance  from  1906— 

Deposit  at  London  and  Westminster  Bank  . 
Interest  on  ditto       .  .  .  . 

Cash  at  Bank  of  England 
Ditto  in  hands  of  Assistant-Secretary 

Contributions — Capt  Hepworth 

,,  Mr.  Mellish 

Lectures — Fees  and  Expenses 


£100  0  0 

8  11  11 

28  16  10 

7  7  9 

£139  16 
1  1 

6 
0 

6  0 

0 

. 

46  17 

6 

£191  16     0 


KITE  OBSERVATION 


Balance  in  hand  from  1906 

Grant  from  the  Royal  Society  Government  Grant  Fund 

Contribution — Anonymous  Donor 


Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 


Mr.  D.  Buckney    . 
Capt  M.  H.  Clarke 
Mr.  F.  Druce 
Mrs.  Lyndon 
Mr.  H.  Mellish 
Mr.  R.  W.  Munro 
Mr.  C.  M.  Powell 
Mr.  J.  T.  Southall 


£74 

8 

1 

100 

0 

0 

26 

0 

0 

1 

1 

0 

0 

10 

6 

2 

2 

0 

1 

1 

0 

2 

0 

0 

2 

2 

0 

6 

0 

0 

2 

0 

0 

£215     4     7 
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/. — continued. 

FUND,  DECEMBER  31,   1907. 


Cash  at  Bank  of  England,  December  81,  1907 


50     2  11 


£60     2  11 


Note. — The  Society  holds  on  account  of  this  Fund  £680  Cardiff  Corporation  Redeemable 
Stock,  3  per  cent 

Examined  and  found  correct, 


January  8,  1908. 


T.  P.  NEWMAN,      \j,,^,',^, 
J.  W.  FORRESTER, /^^"^*- 


FUND,  DECEMBER  31,  1907. 


Lecturer's  Fees  and  Expenses 

Exhibit  at  Royal  Agricultural  Society's  Show 

Lantern  Slides  and  Diagrams 

Instruments 

Fillets  for  Frames 

Printing,  Postage,  etc. 

Advertisements  re  Prize  Competition 


Balance — 
Cash  at  Bank  of  England 
Do.  in  hands  of  the  Assistant-Secretary  . 
Deposit  at  London  and  Westminster  Bank 


Examined  and  found  correct, 


7 
7 
0 

9 

8 
0 

£35  2  4 

33  8  8 

2  13  0 

0  18  11 

1  10  0 
7  15  2 
1  11  6 

£7 

1 

100 

£82  19  7 
108  15  5 

£191  15  0 

Jantiary  8,  1908. 


T.  P.  NEWMAN,       \^„^,v^, 
J.  W.  FORRESTER, /^^"^*- 


FUND,  DECEMBER  31,  1907. 


Balloon  Observations  at  Manchester 

Do.  do.  at  Sellack    . 

Meteorographs 

Rewards     .... 
Hydrogen  for  Barbados  Observations 
Indiarubber  Balloons 


Cash  at  Bank  of  England,  December  31,  1907 


£34  4 

1 

31  19 

4 

6  0 

0 

1  0 

0 

5  18 

4 

0  18 

0 

£79  19     9 
135    4  10 


Examined  and  found  correct, 


£216    4    7 


January  8,  1908. 


T.  P.  NEWMAN,       \  j,^^j^ 
J.  W.  FORRESTER,  f^^^^^- 
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Stations. — In  consequence  of  the  removal  of  the  observers,  observar 
tions  have  been  discontinued  at  Market  Drayton,  Shropshire  ;  Pirbright, 
Surrey ;  and  Southwold,  Sufifolk.  The  Council  have  accepted  observa- 
tions from  the  following  new  Climatological  stations  : — Bournemouth, 
Hants ;  Brookwood  and  Burgh  Heath,  Surrey ;  Killerton,  Devon ; 
Midhurst,  Sussex ;  Sandwich,  Kent ;  and  Ware,  Herts. 

Inspection  of  Stations, — Forty-six  stations,  chiefly  in  the  west  and 
south-west  districts,  were  inspected  by  Mr.  Marriott,  and  found  to  be 
on  the  whole  in  a  satisfactory  condition.  Mr.  Marriott's  report  will 
be  found  in  Appendix  H.,  p.  123. 

Phenolofficai  Report. — This  report  was  prepared  as  usual  by  Mr.  K 
Mawley,  and  read  at  the  February  meeting.  The  Society  owes  its  best 
thanks  to  Mr.  Mawley  for  his  labours  in  collecting  and  discussing  the  re- 
turns from  108  stations,  and  for  keeping  in  communication  with  so  large 
a  body  of  special  observers  during  so  many  years. 

Library  and  Bibliography. — As  the  serial  publications  have  increased 
beyond  the  space  provided  for  them,  those  books  which  do  not  bear 
upon  meteorology  have  been  eliminated,  and  the  remaining  serials 
have  been  rearranged  on  the  shelves.  This  rearrangement  necessitated 
the  alteration  of  the  shelf  numbers  on  the  catalogue  slips,  and  the  re- 
vision of  the  slip  catalogue  has  been  taken  in  hand.  The  Subject  Classi- 
fication adopted  in  1901  having  proved  insufficient,  the  revised  Subject 
Classification  of  the  International  Catalogue  of  Scientific  Literature  has  been 
adopted  with  certain  modifications  and  additions.  The  Catalogue  is  being 
prepared  in  two  parts  : — (1)  List  of  titles  in  alphabetical  order  of  authors 
and  institutions,  each  slip  bearing  the  subject  registration  number  in  the 
top  right-hand  corner ;  and  (2)  a  subject  catalogue,  each  sub-section  con- 
taining the  titles  of  all  works  relating  to  that  registration  number  in 
the  subject  catalogue.  Up  to  the  end  of  the  year  5461  authors'  slips  and 
6299  subject  slips  have  been  dealt  with.  The  additions  to  the  Library 
will  be  found  in  Appendix  V.,  p.  139.  During  the  year  4649  cards  have 
been  prepared  for  the  Society's  Bibliography;  and  256  authors'  slips  and 
411  subject  slips  of  titles  of  works  bearing  on  Meteorology,  published  in 
the  British  Isles,  have  been  made  for  the  International  Catalogue  of  Scientific 
Literature.  The  Council  have  to  express  their  recognition  of  the  courtesy 
of  the  Editor  of  the  Geographical  Journal  for  supplying  advance  proofs 
of  the  monthly  Bibliography  prepared  for  that  publication. 

Office  Staff. — The  Council  have  found  it  necessary  to  engage  an 
additional  junior  assistant,  and  they  trust  that  with  this  help  the  staff 
can  carry  on  the  work  of  the  office  with  its  wonted  efficiency.  The 
work  and  usefulness  of  the  Society  have  during  recent  years  increased 
in  many  directions,  and  the  Council  recognise  the  efforts  made  on  the 
part  of  the  staff  to  cope  with  itw 

Offices. — As  the  noise  of  motor  and  other  traffic  in  Victoria  Street  has 
increased  to  such  an  extent  as  to  interfere  with  work,  the  Council  have 
directed  that  double  windows  be  fitted  in  the  rooms  facing  the  street. 

Fellows. — The  changes  in  the  number  of  Fellows  are  given  in  the 
following  table : — 
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Fellows, 

Annual. 

Life. 

Honorary. 

Total. 

1 906,  December  3 1 

500 

149 

20 

669 

Since  elected     .     . 
Since  compounded 
Reinstated    .     .     . 
Deceased      .     .     . 
Retired    .... 
Removed  from  List 
Lapsed    .... 

+  120 

-  5 

+      I 

-  13 

-  23 

-  16 

-  9 

+  9 
+  5 

-  4 

-  2 

+  129 

0 

+      I 

-  19 

-  23 

-  16 

-  9 

1907,  December  31 

555 

159 

18 

732 

Deaths. — ^The  Council  regret  to  have  to  record  the  loss  by  death  of 
two  Honorary  Members  and  seventeen  Fellows. 

Samuel  Barker,  M.D. 

Robert  Barnes,  M.D.,  F.L.S. 

Professor  Wilhelm  von  Bezold  (Hon.  Member) 

John  Howard  Worthington  Biggs 

Joseph  Broome,  J.  P. 

Alexander  Buchan,  M.A.,  LL.D.,  F.R.S.  (Symons 

Medallist) 
Patrick  Doyle,  F.G.S. 
John  Farrah,  F.L.S. 
Joseph  Groves,  B.A.,  M.D.,  F.G.S. 
Admiral  John  Pearse  Maclear,  F.R.G.S. 
Thomas  Henry  Goodwin  Newton,  M.A. 
William  Oelrichs 
John  Montague  Phillpott 
John  Byrne  Power,  M.RC.P.L,  D.P.H. 
Simpson  Rostron,  J.  P. 

Henry  Chamberlaine  Russell,  B.A,  C.M.G.,  F.R.S. 
Dr.  Maurits  Snellen  (Hon.  Member) 
Lieut. -Gen.  John  Sprot 
Lawrence  Charles  Hills  Young 


elected  Nov. 

21, 

1866. 

}) 

Apr. 

20, 

1887. 

11 

May 

18. 

1892 

>» 

Nov. 

19. 

1902 

1) 

Dec. 

18. 

1896. 

s 

Dec. 

17, 

1902 

>> 

Dec. 

18. 

1878. 

)) 

Apr. 

18, 

1894 

)) 

Jan. 

18, 

1888, 

)) 

Feb. 

16, 

1881 

)} 

Nov. 

17, 

1880 

}i 

May 

18. 

1881. 

»> 

Dec. 

20, 

1905 

» 

Dec. 

18, 

1901 

)) 

Feb. 

18, 

1880 

5.  „ 

Nov. 

18, 

1874 

» 

Jan. 

17, 

1894. 

ft 

Dec. 

20, 

1899 

» 

May 

16, 

1906. 

APPENDIX  IL 
INSPECTION  OF  STATIONS,  1907. 

All  the  western  and  south-western  stations  have  been  inspected,  and  were 
found  to  be  in  a  generally  satisfactory  condition.  The  number  of  thermometers 
tested  has  been  220,  in  21  of  which  changes  of  zero  had  occurred.  One  rain- 
measuring  glass  was  found  to  be  defective. 

At  two  stations  the  whole  of  the  bulb  of  the  wet  thermometer  was  thickly 
covered  with  an  incrustation  of  lime.  I  have  occasionally  seen  a  slight  deposit 
on  the  bulbs  at  other  stations,  but  never  anything  like  that  on  these  two 
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thermometers.  On  comparing  these  instruments  in  water  along  with  the  other 
thermometers,  I  was  greatly  puzzled  to  find  that  they  were  reading  O^'b  and 
O'-S  too  low  respectively.  On  the  first  occasion  I  was  not  able  to  remove  the 
incrustation.  On  the  second  occasion,  however,  I  succeeded,  by  scraping  it 
with  a  penknife  and  by  means  of  sulphuric  acid,  to  completely  remove  i^  when 
the  thermometer  resumed  its  proper  reading.  I  am  at  a  loss  to  account  for  the 
fact  that  the  thermometer  read  too  low  owing  to  the  incrustation  round  the  bulb, 
but  it  points  very  strongly  to  the  urgent  necessity  of  every  observer  taking  care 
to  see  that  his  wet  bulb  thermometer  is  kept  perfectly  clean  and  in  good 
condition. 

I  occasionally  experience  some  difficulty  with  the  Phillips'  maximum 
thermometer,  as  it  is  apt  to  read  higher  when  hung  horizontally  than  when  held 
vertically.  In  some  instruments  the  detached  portion  of  mercury  forming  the 
index  may  run  up  the  tube  to  the  extent  of  fully  l"*  or  more.  It  would  be  an 
advantage  if  the  instrument  makers  would  arrange  for  the  air  speck  not  to 
expand  unduly,  and  so  force  the  detached  portion  of  mercury  farther  along  the 
tube  than  to  the  position  indicating  the  actual  temperature  at  the  time. 

Wm.  Marriott. 

October  16,  1907. 


NOTES  ON  THE  STATIONS. 

Abertstwith,  July  16. — The  thermometers,  etc.,  were,  as  before,  in  a  small 
railed-off  enclosure  in  the  Castle  grounds.  A  larger  enclosure  was  authorised 
by  the  Corporation  some  time  ago,  but  it  has  not  been  carried  out.  The  rainfall 
record  must  be  too  small.  That  recorded  in  Dr.  Thomas's  garden  in  the  North 
Parade  is  more  nearly  representative  of  Aberystwith.  A  Campbell-Stokes  recorder 
was  set  up  at  the  beginning  of  last  year.  The  ball  was  not  in  the  centre  of  the 
frame,  being  too  high.  A  church  tower  on  the  east-south-east  makes  an  angle 
of  7^**  and  the  old  Castle  on  the  south-south-east  an  angle  of  16**.  As  the  cards 
in  the  sunshine  recorder  were  liable  to  shift  in  strong  winds,  I  recommended 
that  they  be  held  in  the  frame  by  clips.  The  vernier  of  the  barometer  had  a 
tendency  to  slip  down. 

Ardgillan,  July  20. — This  station  was  in  good  order.  Captain  Taylor  has 
an  interesting  set  of  earth  thermometers,  ranging  from  1  to  1 2  feet.  I  tested 
altogether  seventeen  thermometers. 

AsHBURTON,  September  2. — On  comparing  the  thermometers  it  was  found 
that  the  dry  bulb  had  gone  up  0"-2.  The  maximum  thermometer,  when  placed 
horizontally,  read  V  higher  than  when  placed  vertically  ;  so  it  has  been  con- 
sidered desirable  to  make  a  supplementtury  correction  for  that  amount.  Mr. 
P.  F.  S.  Amery  died  July  27.  His  brother,  Mr.  J.  S.  Amery,  is  continuing  the 
observations. 

Bath,  August  13. — I  suggested  that  the  legs  of  the  thermometer  screen 
should  be  strengthened  in  order  to  prevent  shaking  in  windy  weather.  The 
water  receptacle  for  the  wet  bulb  was  imbedded  in  an  outer  receptacle  which 
was  filled  with  stearine  wax,  in  order  to  prevent  the  water  freezing  in  winter 
time.  The  outside  of  the  glass  bottle  in  the  8  a.m.  rain  gauge  was  also  covered 
with  stearine  wax.  As  the  large  hotel  on  the  east  of  the  Guildhall  cut  off  some 
of  the  morning  sun,  a  new  Campbell-Stokes  recorder  was  obtained  and  mounted 
on  the  top  of  a  lamp-post  at  the  Alexandra  Park,  which  is  at  the  summit  of  a 
hill  on  the  south  of  Bath,  about  600  feet  above  sea-level.  The  exposure  is  free 
and  open.     The  ball  was  not  quite  in  the  centre  of  the  frame,  being  too  high. 
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On  comparing  the  thermometers,  it  was  found  that  the  4-feet  earth  read  0°*8 
too  high. 

Belmont,  August  20. — The  grass  minimum  thermometer  was  out  of  order 
owing  to  the  column  of  spirit  being  much  broken  up.  This  I  set  right  I 
recommended  that  some  trees  near  the  rain  gauge  should  be  topped.  The 
station  was  otherwise  in  good  order. 

Blackpool,  July  30. — On  measuring  the  chain  and  tube  of  the  earth 
thermometer,  I  found  that  the  bulb  was  at  a  depth  of  3  feet  instead  of  4  feet 
The  top  of  the  tube  was  1  foot  above  the  ground.  I  recommended  that  at 
the  end  of  the  year  the  tube  should  be  driven  down  to  4  feet  The  frame  of 
the  sunshine  recorder  was  not  quite  leveL  Apparently  the  wooden  structure 
on  which  it  is  mounted  had  warped  owing  to  weather  changes.  The  thermo- 
meter screen  required  painting.  Dr.  Ck)utts  has  had  a  small  embankment  made 
outside  the  railed  enclosure,  about  2  feet  high  on  the  south-west  side,  in  order 
to  break  the  force  of  the  wind.  The  anemoscope  and  pressure-tube  anemometer 
appeared  to  be  all  right  The  mercury  in  the  cistern  of  the  Fortin  barometer 
had  become  dirty  and  needed  cleaning. 

Cahir,  July  22. — The  minimum  thermometer  had  about  V-6  of  spirit  up 
the  tube.  The  instruments  otherwise  were  in  good  condition.  The  observations 
are  now  taken  by  the  gardener. 

Castle  Hill,  Filleiqh,  August  24. — A  Fortin  barometer  has  been  obtained 
since  my  last  visit  The  Glaisher  rain  gauge  has  a  shallow  funnel.  I  recom- 
mended that  four  holes  be  made  in  the  inverted  flange  round  the  gauge,  in  order 
to  drain  off, the  water  and  so  prevent  its  insplashing  when  the  funnel  was 
taken  off. 

Cheltenham,  August  16. — The  enclosure  for  the  instruments  has  been 
made  much  larger,  and  light  railings  substituted  for  the  thick  high  railings. 
On  comparing  the  thermometers  it  was  found  that  the  minimum  had  gone  up 
V'O,  The  grass  minimum  had  a  little  spirit  up  the  tube.  A  Campbell-Stokes 
sunshine  recorder  had  recently  been  obtained,  and  it  is  placed  on  the  summit 
of  the  dome  of  the  pavilion  in  the  Pitville  Gardens.  The  ball  was  not  quite  in 
the  centre  of  the  frame,  but  this  I  adjusted.  The  rain-measuring  glass  was  not 
correct,  and  I  recommended  that  a  new  one  be  obtained  forthwith. 

Chester,  July  25. — At  the  beginning  of  the  year  the  Rev.  J.  C.  Mitchell 
handed  over  his  instruments  to  the  Chester  Corporation  in  order  to  secure  the 
continuance  of  the  observations.  It  was  the  intention  to  have  the  instruments 
placed  in  the  Grosvenor  Park,  but  difficulties  arose  which  prevented  this  being 
carried  out.  Failing  any  other  suitable  site,  Mr.  Mitchell  ultimately  had  the 
instruments  put  up  at  the  Sewage  Purification  Works.  The  site  is  exceptional, 
being  on  the  ground  between  two  large  concrete  tanks.  The  conditions  are 
therefore  hardly  natural.  The  only  other  suitable  site  close  by  is  on  lower 
ground  ;  but  this  is  a  few  feet  below  high-water  mark,  and  so  might  be  flooded 
at  times.  The  observations  are  taken  by  Mr.  Scouller.  I  gave  him  instructions 
in  the  method  of  observing.  The  grass  minimum  had  a  considerable  amount 
of  spirit  up  the  tube. 

Cullomfton,  September  4. — ^There  was  no  change  in  the  thermometers. 
The  grass  minimum  had  a  little  spirit  up  the  tube.  The  sunshine  recorder 
appeared  to  be  in  adjustment.  As  some  trees  have  grown  up  in  a  neighbouring 
garden,  and  might  possibly  slightly  affect  the  winter  sunshine  in  the  morning 
and  evening,  I  recommended  that  they  be  topped,  if  permissible. 

Dublin,  Jviy  19. — The  instruments  were  in  the  same  position  as  at  my 
last  visit.     On  comparing  the  thermometers  it  was  found  that  the  maximum 
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had  gone  up  0*'*d.  Trees  on  the  east  and  north-west  required  cutting  back. 
Sir  John  Moore  is  a  very  keen  observer,  and  has  made  the  best  of  the  limited 
space  at  his  disposal. 

Dublin  (Trinity  Colleob),  July  19. — The  thermometer  screen  required 
painting.  The  grass  minimum  had  about  1°'6  of  spirit  at  the  top  of  the  tube. 
The  ball  of  the  sunshine  recorder  was  not  quite  in  the  centre  of  the  frame,  being 
too  near  the  eastern  side.  The  trees  on  the  west  evidently  cut  off  some  of  the 
evening  sun. 

Falmouth,  AiLgtist  31. — ^The  minimum  thermometer  had  I'^'O  of  spirit  up 
the  tube.     Otherwise  the  instruments  were  all  in  good  order. 

QwERNTPED  Park  [Brecon],  August  20. — The  wet  bulb  was  not  working 
properly,  the  muslin  being  dry  and  the  conducting  thread  too  thin.  I  explained 
how  to  keep  the  muslin  and  thread  in  good  order.  The  minimum  apparently 
had  a  little  spirit  at  the  top  of  the  tube.  The  pipe  of  the  rain  gauge  was  broken 
off  the  funnel.     The  thermometer  screen  required  strengthening  and  painting. 

Haverfordwest,  August  21. — The  grass  minimum  had  some  spirit  up  the 
tube.  The  rain  gauge  required  a  little  soldering.  A  new  Campbell-Stokes 
sunshine  recorder  had  been  obtained,  and  was  in  good  adjustment.  Birds  have 
so  frequently  interfered  with  the  ball  and  card  that  Mr.  Phillips  has  been 
obliged  to  put  a  wire  protection  over  the  recorder  to  keep  the  birds  off.  I 
found  that  the  amount  of  sunshine  had  been  measured  with  the  top  of  another 
card  instead  of  along  the  actual  bum. 

HoYLAKE,  July  26. — The  grass  minimum  had  a  bubble  of  air  in  the  column 
of  spirit.  I  pointed  out  that  the  muslin  on  the  wet  bulb  should  fit  tight 
round  the  bulb. 

Ilfragombe,  AvgiLst  22. — On  comparing  the  thermometers  it  was  found 
that  the  minimum  had  gone  up  0'''2.  The  pipe  at  the  bottom  of  the  funnel  of 
the  rain  gauge  had  been  broken  off. 

Killerton  [Exeter],  September  4. — The  wet  bulb  had  a  thick  incrustation 
of  lime  all  round  the  bulb.  On  comparing  the  thermometer  I  found  that  it 
was  0*''8  too  low.  After  removing  the  incrustation  by  means  of  sulphuric  acid 
and  by  scraping  it  with  a  penknife,  the  thermometer  resumed  its  proper  reading. 
The  rain  gauge  in  use  is  the  Crosley  registering  pattern,  the  funnel  of  which  is 
10  inches  square.  I  recommended  that  a  Snowdon  gauge  be  obtained  before 
the  end  of  the  year. 

Kingstown,  July  23. — The  instruments  were  in  good  condition.  Since  my 
last  visit  the  screen  has  been  raised  so  that  the  thermometers  are  now  four  feet 
above  the  ground,  and  the  glass  has  been  taken  out  of  the  door  of  the  screen 
and  louvering  put  in.  I  suggested  that  the  inside  of  the  screen  should  be 
washed  and  painted  white.  The  observations  are  taken  by  Mr.  Mason,  the 
park  curator,  but  Dr.  Power  takes  the  cloud  observations.  I  did  not  test  the 
instruments,  as  Mr.  Lempfert  was  to  inspect  the  station  for  the  Meteorological 
Office  in  the  course  of  a  few  days.  The  maximum  and  minimum  thermometers 
are  strapped  up  to  prevent  vibration  in  wind.  [Dr.  Power  died  a  few  weeks 
after  my  visit     See  p.  136.] 

Lechladb,  September  16. — Mr.  Metcalfe  in  September  1906  removed  from 
Roche  Court,  Winterslow,  to  Claydon  House,  Lechlade.  The  ground  is  flat, 
being  in  the  Vale  of  Whitehorse ;  the  river  Thames  is  about  half  a  mile  to  the 
south.  The  instruments  are  well  exposed.  The  tube  of  the  maximum 
thermometer  was  liable  to  slip  down,  so  I  wedged  it  up  with  cork.  Owing  to 
the  difficulty  of  finding  a  suitable  place  for  the  Campbell-Stokes  sunshine 
recorder,  it  has  not  been  found  advisable  to  take  any  records  of  the  sunshine. 
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The  1-foot  earth  thermometer  was  found  to  be  only  at  the  depth  of  nine  inches, 
I  recommended  that  the  tube  be  driven  three  inches  farther  into  the  ground. 

Llandudno,  July  24. — On  comparing  the  thermometers  it  was  found  that 
the  minimum  had  gone  down  0°*2.  The  cylinder  of  the  rain  gauge  had 
apparently  been  knocked  several  times  when  the  grass  was  cut,  and  so  the 
funnel  was  difficult  to  take  off.  I  suggested  that  it  be  made  to  fit  on  easier. 
The  sunshine  recorder  appeared  to  be  in  adjustment,  but  there  was  no  sun  at 
the  time  of  my  visit.  I  suggested  that  clips  be  used  to  keep  the  cards  fixed,  as 
birds  occasionally  peck  at  the  ends  of  the  cards.  The  young  man  who  had 
been  assisting  with  the  observations  for  some  time  had  recently  left,  so  a  new 
deputy  had  been  taken  on. 

Llansrchymedd,  July  18. — The  instruments  were  in  the  same  position  as 
previously.  I  requested  that  more  attention  be  given  to  the  wet  bulb  in  frost, 
and  also  that  the  thermometers  be  read  to  tenths  of  a  degree.  On  comparing 
the  thermometers  it  was  found  that  the  maximum  now  reads  0"'!  too  high,  and 
the  minimum  is  0'**4  too  high. 

Malmesbury,  August  12. — The  instruments  were  in  good  order.  I 
suggested  a  different  arrangement  of  the  water  receptacle  for  the  wet  bulb,  and 
urged  the  observer  to  read  the  thermometers  to  tenths  of  a  degree. 

Malvern,  August  17. — I  recommended  that  the  maximum  thermometer  be 
hung  more  inclined,  in  order  to  prevent  the  mercury  jumping  up  the  tube 
when  placed  on  the  screen  after  being  set.  The  legs  of  the  thermometer 
screen  required  strengthening  in  order  to  prevent  vibration  in  wind.  I 
suggested  that  a  creeping  plant  near  the  rain  gauge  should  be  cut  back. 

MiDHURST,  August  8. — As  it  was  proposed  to  establish  a  meteorological 
station  at  the  King  Edward  YII.  Sanitorium,  I  went  down  on  this  day  and  set 
up  the  instruments.  They  are  placed  on  a  lawn  on  the  south  of  the  building 
and  have  a  good  exposure.     The  height  is  480  feet  above  sea-level. 

Newquay,  August  30. — The  thermometer  screen  required  strengthening  to 
prevent  vibration  in  wind.  The  rim  of  the  rain  gauge  required  soldering  on 
to  the  funnel.  The  sunshine  trace  was  not  running  parallel  with  the  card,  as 
the  ball  was  not  in  the  centre  of  the  frame  of  the  recorder.  I  tried  to  remedy 
this  by  endeavouring  to  shift  the  pedestal,  but  this  was  not  sufficient.  I  pointed 
out  to  Dr.  Vigurs  how  the  frame  might  be  unscrewed  and  readjusted,  so  as  to 
bring  the  ball  into  the  centre. 

NoRTHWiCH,  July  26. — I  recommended  that  the  maximum  thermometer  be 
mounted  a  little  more  on  the  incline,  to  prevent  the  mercury  running  up  the 
tube.  As  there  is  a  great  deal  of  smoke  and  other  impurity  in  the  air,  I 
recommended  that  the  thermometers  be  occasionally  washed. 

Penzance,  August  29. — The  thermometer  screen  required  painting,  and  the 
rain  gauge  needed  a  little  soldering.  The  Campbell-Stokes  and  the  Jordan 
sunshine  recorders  seemed  to  be  in  good  adjustment 

PoRTHGAWL,  Augv^t  14. — The  mercury  in  the  maximum  thermometer 
seemed  to  have  a  tendency  to  run  up  the  tube,  so  I  recommended  that  it  be 
mounted  more  on  the  incline.  I  urged  that  the  muslin  and  cotton  on  the  wet 
bulb  be  changed  more  frequently.  The  band  of  the  Glaisher  rain  gauge  had 
parted  company  at  one  place  with  the  funnel,  and  so  extra  rain  was  liable  to 
run  into  the  bottle  below.  I  recommended  that  it  be  re-soldered,  and  also  that 
holes  be  made  in  the  flange  to  drain  off  the  water. 
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Pbincetown,  August  28. — On  comparing  the  thermometers  it  was  found 
that  the  minimum  had  gone  down  O'^'S.  The  barometer  was  not  hanging  quite 
vertically.  It  had  been  moved  since  the  last  inspection  to  make  room  for  the 
telephone  instrument  I  gave  the  observer  instructions  as  to  the  measurement 
of  snow.  A  new  building  will  shortly  be  erected  in  the  Infirmary  grounds, 
not  far  from  the  instruments. 

RoDBN,  July  15. — ^On  comparing  the  thermometers  it  was  found  that  the 
dry  bulb  had  gone  up  0°*1,  and  the  maximum  0°'2,  and  that  the  minimum  had 
gone  down  C'S.  Small  apple  trees  had  been  allowed  to  grow  up  close  to  the 
thermometer  screen  and  rain  gauge.  I  recommended  that  the  screen  and  rain 
gauge  be  moved  to  a  more  suitable  and  open  situation.  I  requested  that  more 
attention  be  paid  to  the  working  of  the  wet-bulb  thermometer.  The  board  on 
which  the  Fortin  barometer  was  suspended  was  not  fixed  at  the  bottom,  and  so 
was  liable  to  get  out  of  the  perpendicular  without  being  noticed. 

Ross,  Au>gu8t  19. — The  bulb  of  the  wet  thermometer  was  completely  covered 
with  a  thick  incrustation  of  lime.  I  endeavoured  to  remove  this,  but  was  not 
successful.  I  therefore  recommended  that  some  acid  be  used  for  the  purpose, 
and  that  the  thermometer  should  always  be  kept  clean.  The  thermometer  had 
apparently  gone  down  O^'-S.  I  recommended  that  some  trees  round  the  rain 
gauge  be  topped. 

RonsDON,  September  5. — This  station  was  in  good  order.  The  ball  of  the 
sunshine  recorder  was  not  quite  in  the  centre  of  the  frame.  This  I  readjusted. 
The  trees  on  the  estate  have  grown  very  considerably  since  my  last  visit  Some 
trees  on  the  south-west  and  west-south-west  of  the  sunshine  recorder  make  an 
angle  of  T"",  and  so  may  cut  off  some  of  the  afternoon  sun  in  the  early  spring 
and  late  autumn. 

RuMNET,  August  14. — This  station  was  in  good  order.  The  spare  maximum 
thermometer  had  an  air  speck  in  the  column  of  mercury  in  addition  to  the 
index  speck.  When  held  in  an  upright  position  the  thermometer  read  low, 
but  when  placed  in  a  horizontal  position,  it  seemed  to  read  high. 

Ruthin,  July  25. — The  base  of  the  sunshine  recorder  required  fixing  in 
order  to  keep  the  instrument  always  on  the  meridian.  The  hills  and  trees  on 
the  east  cut  off  the  early  morning  sun,  as  they  form  a  considerable  angle. 

Saloombe,  August  27. — ^The  observations  are  now  taken  by  Dr.  Twining,  the 
instruments  having  been  removed  to  his  garden,  where  there  is  a  good  exposure. 
They  are  nearly  30  feet  higher  than  at  the  previous  station.  The  minimum  had 
l*"  of  spirit  up  the  tube.  The  water  receptacle  was  much  too  close  to  the  bulb 
of  the  wet  thermometer.  I  recommended  a  readjustment  of  the  thermometers 
in  the  screen.  The  ball  of  the  sunshine  recorder  was  not  quite  in  the  centre  of 
the  frame.  This  I  readjusted,  and  explained  how  the  sunshine  should  always 
be  measured  along  the  actual  bum  on  the  card. 

SiDMOUTH,  S^tember  6. — The  minimum  thermometer  had  l**  of  spirit  up  the 
tube.  Trees  on  the  east  cut  off  a  little  of  the  early  morning  sunshine  from  the 
Jordan  recorder. 

SouTHPORT,  July  29. — Everything  at  this  station  was  in  good  order.  The 
numerous  self-recording  and  other  instruments  are  kept  at  a  high  state  of 
efficiency.  A  second  Campbell -Stokes  sunshine  recorder  has  been  obtained, 
and  the  results  agree  very  closely  with  those  from  the  other  recorder.  The 
Jordan  sunshine  recorder  has  been  discontinued. 
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Teignhouth^  September  3. — The  grass  mmimum  thermometer  had  recently 
been  broken,  and  the  new  one — hollow  cylinder  pattern — read  O'^'d  too  high. 
A  wire  cage  is  put  over  the  radiation  thermometers  to  protect  them  from  being 
broken  by  stones  thrown  into  the  enclosure.  The  water  receptacle  was  too  high, 
and  so  permitted  the  conducting  thread  to  siphon  out  the  water.  The  board 
on  which  the  Fortin  barometer  was  suspended  required  fixing  at  the  bottom  to 
prevent  it  being  shifted  out  of  the  vertical.  The  Campbell-Stokes  sunshine 
recorder  is  mounted  on  the  ridge  of  the  roof  of  the  lifeboat  house.  The  exposure 
is  good.  The  flagstaff,  however,  on  the  west-south-west  may  perhaps  very 
slightly  affect  the  record.     The  ball  was  not  quite  in  the  centre  of  the  frame. 

Torquay,  September  3. — On  comparing  the  thermometers  it  was  found  that 
the  maximum  had  gone  down  0°'5.  There  was  a  considerable  difference  between 
the  readings  of  the  thermometers  when  placed  vertically  and  when  placed 
horizontally.  The  Campbell-Stokes  sunshine  recorder  appeared  to  be  in  good 
adjustment 

TowTN,  July  17. — As  Mr.  Harries,  from  the  Meteorological  Office,  had 
inspected  this  station  the  previous  week,  I  did  not  test  any  thermometers 
except  the  3-feet  earth,  which  appeared  to  be  all  right.  ThQ  ball  of  the 
sunshine  recorder  was  not  quite  in  the  centre  of  the  frame,  being  a  little  too 
forward.     Dr.  Lloyd  has  a  percolation  gauge  "with  grass  top. 

Wakefisld,  March  14. — ^I  called  to  see  Dr.  French,  as  the  maximum  and 
minimum  thermometers  had  not  been  working  properly.  I  found  that  the  air 
bubble  of  the  maximum  had  got  into  the  bulb,  so  that  the  instrument  was 
acting  as  an  ordinary  thermometer.  In  the  minimum  an  air  bubble  had  got 
into  the  column  of  spirit  I  arranged  for  new  thermometers  to  be  sent,  which 
were  put  into  position,  and  I  explained  the  method  of  their  working.  I  learned 
that  owing  to  increased  duties  at  the  Prison  it  had  not  been  possible  for  the 
observations  to  be  taken  at  9  p.m.,  but  that  they  had  been  taken  at  8  p.m. ; 
also,  there  were  five  warders  taking  the  observations  when  on  duty,  so  efficiency 
was  reduced.  I  saw  Dr.  Clarke,  the  medical  officer,  who  agreed  to  speak  to 
the  Governor  with  regard  to  permission  being  obtained  for  the  night  warder  to 
take  the  observations  at  9  p.m.  as  formerly. 

Wxston-sufeb-Marb,  ^ti^tut  15. — ^On  comparing  the  thermometers  I  found 
that  the  minimum  had  gone  down  1°'0,  and  that  the  grass  minimum  read  2°'6 
too  low.  The  mercury  in  the  maximum  at  low  temperatures  has  a  tendency  to 
ran  up  the  tube  a  little  when  set  I  recommended  that  the  thermometer  be 
hung  more  on  the  incline.  The  sunshine  recorder  appeared  to  be  in  adjustment 
A  church  spire  on  the  east-south-east  cuts  off  the  sun  in  the  morning,  and  the 
church  tower  on  the  west  and  west-north-west  cuts  off  a  little  sunshine  in  the 
evening  in  the  summer. 

Whitchurch,  Tavistock,  Augitet  26. — This  station  was  in  good  order.  On 
comparing  the  thermometers  it  was  found  that  the  dry  had  gone  up  0°*1,  and 
the  6-inch  earth  0°-2. 

WooLACOMBB,  August  23. — ^The  tube  of  the  maximum  thermometer  was 
loose  and  liable  to  slip  down.  This  I  fixed  with  some  cork.  The  funnel  of 
the  rain-gauge  required  soldering.  The  barometer  was  not  hanging  quite 
perpendicularly.  This  I  adjusted  by  putting  a  wedge  at  the  back  of  the  board 
at  the  top.  The  sunshine  recorder  seemed  to  be  in  good  adjustment  The  hills 
on  the  east-north-east  make  an  angle  of  7"*^  and  those  on  the  south-east  an  angle 
of  8°.  I  recommended  that  the  sunshine  cards  should  be  measured  to  tenths  of 
an  hour. 
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APPENDIX  III. 
OBITUARY  NOTICES. 

BoBJBBT  Barnes  waj9  a  son  of  Philip  Barnes,  founder  of  the  Royal  Botanical 
Society  of  London,  and  was  bom  at  Norwich  on  September  4,  1817.  He 
came  of  an  old  Norfolk  family,  for  many  years  owners  of  Cromer  Hall,  and 
one  of  his  ancestors,  a  namesake  Robert  Barnes,  suffered  death  by  burning 
during  the  Marian  persecution. 

At  the  age  of  nine  he  went  with  his  brother  Philip  to  school  at  Bruges, 
where  he  remained  for  several  years,  leaving  at  the  outbreak  of  the  revolution 
which  separated  Belgium  from  the  kingdom  of  the  Netherlands  in  1830.  When 
16  years  of  age  he  was  apprenticed  to  Richard  Griffin,  founder  of  an  association 
of  poor-law  medical  officers,  and  surgeon  to  the  Old  Men's  Hospital,  Norwich. 

In  due  course  he  proceeded  to  University  College,  and  received  the  diploma 
of  M.D.  Lond.  in  1848.  He  also  studied  at  St  George's  Hospital  and,  after 
qualification,  in  Paris.  He  was  made  a  Fellow  of  the  Royal  College  of  Surgeons 
by  election  in  1883,  whilst  he  was  for  many  years  intimately  associated  with 
the  College  of  Physicians.  In  1859  he  was  elected  a  Fellow.  In  1873  he 
delivered  the  Lumleian  Lectures  on  Convulsive  Diseases  of  Women. 

After  qualifications  Dr.  Barnes  practised  for  several  years  at  Notting  Hill. 
His  taste  for  obstetrics  was  developed  early.  For  a  time  he  lectured  on  mid- 
wifery at  the  Hunterian  School  of  Medicine,  and  he  became  Obstetric  Surgeon 
to  the  Western  General  Dispensary,  and,  after  holding  other  small  appointments, 
was  elected  Assistant  Obstetric  Physician  at  the  London  Hospital,  where  he  had 
the  honour  of  succeeding  Ramsbotham  in  the  senior  appointment  He  trans- 
ferred himself  later  on  to  St  Thomas's  Hospital,  and,  lastly,  ended  his  hospital 
career  as  Obstetric  Physician  at  St.  George's. 

Dr.  Barnes  took  a  prominent  part  in  the  foundation  of  the  Obstetrical 
Society,  and  in  1884,  with  the  co-operation  of  his  son,  Dr.  Fancourt  Barnes,  he 
issued  a  two-volume  work  on  Obstetric  Medicine  and  Surgery.  He  died  on 
May  12,  1907. 

He  was  elected  a  Fellow  of  this  Society  on  April  20;  1887,  and  served  on 
the  Council  from  1893  to  1897,  being  Vice-President  in  1894-1895. 

JoHANK  Friedrich  Wilhelm  VON  Bezold  was  born  at  Munich  on  June 
21,1837,  and  was  admitted  to  the  degree  of  Ph.D.  at  Gottingen  in  1 860.  Thence 
he  returned  to  Munich  as  a  privat  -  docent  in  1861,  became  extraordinary 
Professor  of  Physics  in  the  University  in  1866,  and  ordinary  Professor  at  the 
Polytechnic  in  1868.  In  1878  he  undertook  the  organisation  of  the  Bavarian 
meteorological  service  as  Director  of  the  Central  Meteorological  Station.  He 
remained  in  charge  of  this  service  until  1885,  when  he  was  called  to  Berlin  as 
Professor  of  Meteorology  in  the  University,  and  Director  of  the  Meteorological 
Institute,  which  was  reorganised  by  him.  The  Institute  included  not  only  the 
central  establishment  in  Berlin,  which  formed  the  headquarters  of  the  branch 
for  dealing  with  the  climatology  and  rainfall  of  the  Prussian  kingdom,  but  also 
the  meteorological  and  magnetic  observatories  at  Potsdam,  and  later  the 
aeronautical  section  at  Tegal. 

In  the  course  of  his  long  and  distinguished  scientific  career  Dr.  von  Bezold's 
activity  ranged  over  a  wide  field.  His  writings  include  papers  on  colour  vision 
and  the  retina,  and  the  dust  figures  of  electrical  discharge ;  but  he  is  best  known 
for  his  contributions  to  meteorology  on  the  physics  of  the  atmosphere,  the  aspect 
of  the  subject  which  he  found  most  attractive,  and  to  the  theory  of  terrestrial 
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magnetiBm.     A  yolume  of  his  collected  papers  on  these  subjects  was  published 
in  1906. 

He  died  on  February  17,  1907. 

He  was  elected  an  Honorary  Member  of  this  Society  on  May  18,  1892. 

John  Howabd  Wobthington  Biogs  was  the  son  of  William  Biggs  of 
Leicester.  He  travelled  in  the  East  and  West,  and  collected  numerous 
mementoes,  eta  He  was  greatly  interested  in  observations  of  rainfall  and  sun- 
shine in  the  Lake  District,  where  he  resided  for  part  of  every  year. 

In  1905  he  published  a  large  coloured  diagram  illustrating  the  average 
weather  at  Bowness  on  Windermere,  based  on  astronomical  and  meteorological 
data^  1883-1902;  and  also  another  diagram  entitled  *' Holidays  and  Redn." 
This  was  prepared  with  the  object  of  inducing  visitors  to  the  Lake  district  to 
take  their  holidays  earlier  in  the  year  than  is  the  present  custom,  so  as  to  avoid 
the  heavier  rainfall  of  the  late  summer  and  autumn. 

He  died  suddenly  on  June  1,  1907,  aged  65  years. 

He  was  elected  a  Fellow  of  this  Society  on  November  19,  1902. 

Joseph  Bboomb  was  bom  on  May  1,  1825,  at  Reston  Brook,  near  Fredsham. 
When  sixteen  years  he  entered  the  service  of  Messrs.  Pemberton  and  Savage, 
Manchester,  who  were  then  engaged  in  the  dyed  goods  trade.  A  little  later  he 
took  a  situation  with  Messrs.  Samson  and  Lennox,  merchants  and  shippers,  and 
eventually  was  admitted  a  partner  of  that  firm. 

In  1881  Mr.  Broome  was  asked  by  the  Manchester  Chamber  of  Commerce, 
and  agreed  to  represent  at  the  French  Treaty  Inquiry  the  department  of  dyed 
and  printed  satins,  twills,  cambrics,  and  other  descriptions  of  linings ;  and,  in 
co-operation  with  the  late  Sir  Henry  Mitchell,  the  velvet  trade,  cords,  and  silk 
velveta  In  the  same  year  he  was  appointed  a  magistrate  for  Manchester,  and 
in  1891,  after  he  had  lived  a  few  years  at  Llandudno,  he  was  nominated  High 
Sheriff  of  Carnarvonshire.  He  served  on  the  Manchester  Board  of  Overseers, 
was  a  vice-president  of  the  Manchester  Athen»um,  and  for  ten  years  was  the 
president  of  the  Graphic  Art  Club.  He  was  also  for  some  time  one  of  the 
directors  of  the  Union  Bank  of  Manchester.  In  1885  he  founded  the  firm  of 
Broome,  Hallwork,  and  Foster,  which  still  exists  as  Broome  and  Foster. 

For  nearly  the  whole  of  his  long  life  Mr.  Broome  was  an  exceptionally  active 
business  man,  but  he  always  found  time  enough  to  devote  to  a  great  deal  of 
public  work.  Much  of  it  was  of  a  kind  that  is  not  always  recognised  most 
prominently — quiet  but  useful  movements  in  various  directions  for  the  better- 
ment of  all  sorts  of  conditions  of  living.  He  was,  too,  associated  with  several 
important  commercial  organisations  at  Manchester.  He  was  a  director  of  the 
Boyal  Exchange,  and  nobody  took  a  keener  interest  than  he  in  the  development 
of  the  Boyal  Botanical  Gardens  at  Old  Trafford,  especially  in  the  days  when 
they  were  estimated  at  their  highest  value  for  the  purpose  of  flower  culture. 

Mr.  Broome  was  a  real  lover  of  flowers,  and  he  tended  his  own  garden  in 
the  way  that  can  only  be  done  by  a  gardener  who  has  what  amounts  to  an 
almost  instinctive  knowledge  of  flower-life.  When  he  lived  at  Didsbury,  and 
afterwards  on  his  settlement  at  Llandudno,  his  garden  was  the  chief  source  of 
his  pleasure. 

He  died  on  January  25,  1907. 

He  was  elected  a  Fellow  of  this  Society  on  December  18,  1896. 

Alezandbb  Bughan  was  born  in  Kinnesswood,  Kinross,  on  April  11,  1829, 
and  was  educated  at  the  Free  Church  Normal  School  in  Edinburgh,  then  newly 
founded  as  a  result  of  the  Disruption  of  1843,  and  afterwards  at  the  University, 
where  he  took  the  degree  of  M.A  in  1864.  From  1848  onwards  he  followed 
the  profession  of  a  teacher,  for  which  indeed  he  was  naturally  gifted,  and 
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throughout  his  life  he  retained  the  power  of  imparting  inatruction.  easilj  and 
pleasantly.  As  a  schoolmaster  he  filled  appointments  at  Banchory,  Blackford, 
and  lastly  at  Dunkeld.  But  for  a  weakness  in  the  throat  that  continued  to 
trouble  him  through  life  he  might  never  have  relinquished  the  profession  he 
had  chosen. 

The  first  scientific  study  which  attracted  the  attention  of  Alexander  Buchan 
appears  to  have  been  botany,  and  especially  the  study  of  the  native  plants  of 
Scotland,  though  he  took  part  in  at  least  one  of  the  long  excursions  to  the  Alps 
which  Professor  Balfour  led  through  all  the  difficulties  of  continental  travel  at 
that  period.  The  field  botanist  cannot  but  be  interested  in  the  weather,  and 
we  may  assume  that  it  was  in  this  way  that  Buchan's  thoughts  were  turned  to 
meteorology. 

The  Scottish  Meteorological  Society  was  founded  in  1855,  and  its  early 
records  give  full  particulars  of  the  qualifications,  appointment,  and  withdrawal 
of  successive  Secretaries  ;  but,  curiously  enough,  nothing  is  said  in  the  published 
minutes  of  the  retirement  of  Mr.  A.  H.  Burgess,  who  was  in  office  at  the  meeting 
on  September  3,  1860,  or  the  appointment  of  Mr.  A.  Buchan,  who  read  a  paper 
as  Meteorological  Secretary  at  the  meeting  of  April  11,  1861.  The  subject  was 
the  cold  weather  of  the  previous  Christmas,  and  this,  so  far  as  I  can  ascertain, 
was  Dr.  Buchan's  first  contribution  to  the  literature  of  meteorology.  It  is 
interesting  to  observe  that  even  at  this  early  period  he  treated  the  problem  in  a 
distinctly  geographical  manner,  and  he  called  attention  to  a  fact,  the  importance 
of  which  he  often  referred  to  afterwards,  the  remarkable  difference  in  the 
distribution  of  low  temperatures  according  to  the  configuration  of  the  surround- 
ing land  surface.  The  paper  concludes  :  *'  Thus  the  highest  winter  temperature 
is  to  be  found  along  the  west  coast ;  the  lowest  in  low  plains  at  such  a  distance 
from  the  sea  as  not  to  be  influenced  by  it,  and  in  hollows  enclosed  by  hills ;  and 
all  places  elevated  above  the  immediately  surrounding  neighbourhood  are 
effectually  protected  from  the  extremes  of  temperature/' 

Throughout  his  life  Dr.  Buchan  always  insisted  on  the  importance  of  taking 
the  character  of  the  site  of  a  station  into  account  before  using  its  record  in 
drawing  any  general  conclusions  as  to  climate.  It  is  not  surprising  that  he 
became  an  original  member  of  the  Royal  Scottish  Geographical  Society,  and 
took  a  constant  interest  in  its  welfare. 

From  1861  onwards  Dr.  Buchan  was  nearly  as  much  the  author  as  the 
editor  of  the  JoumcU  of  the  Scottish  Meteorological  Society y  the  "  new  series "  of 
which  was  started  in  the  following  year.  He  spent  much  time  on  the  discussion 
of  barometrical  observations  during  the  early  years  at  the  Society,  dealing  at 
first  with  the  records  for  Scotland,  but  soon  passing  on  to  consider  the  data  for 
the  whole  world.  It  was  the  period  of  most  rapid  advance  in  meteorology  ;  the 
principles  of  the  synoptic  weather  chart,  of  the  relation  of  wind  direction  to  the 
isobars,  and  of  scientific  forecasts  of  the  weather  for  short  periods,  had  just  been 
enunciated,  and,  thanks  to  the  enthusiasm  with  which  Buchan  took  the  matter 
up  in  these  early  years,  the  name  of  Buys  Ballot  and  the  extension  of  the 
i'elation  between  barometric  gradient  and  wind  direction  were  soon  thoi*oughly 
familiar  in  this  country. 

In  1867  he  published  his  Handy  Book  of  Meteorology ^  a  second  edition  of 
which  appeared  in  the  following  year.  This  book  showed  so  firm  a  grasp  of 
the  principles  of  the  science,  and  so  thorough  a  mastery  of  observational  detail, 
that  it  became  the  standard  text-book  in  the  language,  and  in  later  years  many 
were  the  appeals  made  to  the  author  to  bring  it  up  to  date  ;  but  the  increasing 
volume  of  official  work  and  the  burden  of  various  important  researches  were 
such  that  the  appeals  had  to  be  made  in  vain.  In  one  way  it  is  perhaps  better 
that  the  book  should  remain  as  a  landmark  of  the  meteorological  knowledge  of 
forty  years  ago,  for  the  time  has  now  x>as8ed  in  which  it  might  have  been  possible 
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to  adapt  the  frame  for  the  picture  of  that  day  to  the  ampler  canvas  of  the  present. 
Following  on  the  larger  work  an  Introductory  Text-book  of  Meteorology  in  1871 
presented  no  new  features. 

In  1869  Dr.  Bnchan  read  to  the  Bojal  Society  of  Edinburgh  the  paper  by 
which  his  reputation  as  a  leader  in  meteorology  was  established  at  once  and 
for  ever  throughout  the  world.  It  dealt  with  a  subject  of  such  difficulty  and 
complexity  that  only  an  enthusiast  in  the  marshalling  of  figures  could  ever 
have  attempted  it  with  any  prospect  of  success — no  less  a  problem  than  the 
charting  of  the  mean  distribution  of  atmospheric  pressure  and  of  prevailing 
winds  over  the  globe.  This  paper  was  perhaps  the  most  fruitful,  though  it  was 
far  from  being  the  most  laborious  piece  of  work  which  Dr.  Buchan  accomplished. 
A  natural  result  was  that  on  the  return  of  the  OkaUenger  expedition  in  1876 
the  vast  mass  of  meteorological  data  accumulated  in  every  part  of  the  world 
was  handed  over  to  Dr.  Buchan  to  report  upon.  Following  the  enlightened 
practice  introduced  for  all  the  reports  of  that  great  expedition,  additional  data 
accumulated  before  and  after  the  expedition  were  utilised,  and  so  Dr.  Buchan 
was  able  to  prepare  as  the  basis  of  his  Eeport  on  Atmospheric  Circulation,  published 
in  1889,  maps  of  the  world  representing  the  mean  temperature,  and  also  the 
mean  barometric  pressure  and  wind  directions  for  every  month  as  well  as 
for  the  year.  These  entirely  original  maps  went  far  towards  forming  a 
meteorological  atlas,  and  when  only  a  few  years  ago  Dr.  Buchan,  in  association 
with  Dr.  Herbertson,  undertook  the  editorship  of  the  volume  on  meteorology 
in  Bartholomew's  great  Pkyeical  Atlas,  the  data  compiled  for  the  Ckdllenger 
Report  formed  one  of  the  most  striking  advances  on  the  Berghaus  Atlas  upon 
wiiich  it  was  based. 

Oceanography  occupied  a  considerable  share  of  Dr.  Buchau's  attention.  At 
an  early  period  he  had  organised  observations  of  sea-temperature  in  connection 
with  herring  fisheries,  and  in  later  years  he  contributed  a  massive  memoir  on 
Oceanic  OircukUion  to  the  ChaXlenger  Reports. 

Climatology,  that  department  of  meteorology  which  is  equally  a  department 
of  geography,  always  claimed  the  lion's  share  of  Dr.  Bucban's  attention.  He 
worked  as  much  with  maps  as  with  tables  of  figures,  and  it  is  to  his  patient 
labours  that  we  are  indebted  for  most  of  our  knowledge  as  to  the  monthly 
distribution  of  pressure  and  temperature  over  the  British  Isles. 

The  relation  of  climate  to  disease  occupied  his  attention,  and  was  dealt  with 
in  several  papers  written  jointly  with  Sir  Arthur  Mitchell,  one  of  the  founders 
of  the  Scottish  Meteorological  Society. 

In  1883  two  important  enterprises  engaged  much  of  the  time  of  Dr.  Buchan  ; 
one  of  these  was  the  establishment  of  the  Scottish  Marine  Station  at  Qranton 
by  Sir  John  Murray.  It  was  at  this  time  that  I  was  brought  into  close  relations 
with  Dr.  Buchan,  and  in  the  instructions  I  received  from  him  in  the  art  of 
meteorological  observing,  I  first  recognised  his  vast  experience  and  technical 
skill,  and  experienced  that  kindly  helpfulness  which  never  ceased  to  the  end  of 
his  life. 

The  second  enterprise  was  the  foundation  of  the  Observatory  on  the  summit 
of  Ben  Nevis,  and  subsequently  of  a  second  Observatory  at  Fort  William.  For 
the  remainder  of  his  life  the  meteorology  of  Ben  Nevis  unquestionably  held  the 
first  place  in  Dr.  Buchan's  scientific  work.  He  took  his  share  iu  the  efforts  ix) 
awaken  public  interest  and  secure  the  necessary  funds  to  start  the  Observatories, 
and  to  carry  them  on  ;  and  he  put  forth  more  energy  than  was  perhaps  prudent 
from  the  point  of  view  of  health  in  the  effort  to  persuade  an  indifferent  Govern- 
ment to  place  the  work  on  a  permanent  basis.  This  is  not  the  place  to  revive 
the  memory  of  old  controversy,  or  to  rake  up  old  grievances,  but  without  stir- 
ring the  ashes  of  the  old  fires,  it  may  be  said  that  although  the  departmental 
committee  appointed  by  the  Gk)vemment  at  the  instance  of  Dr.  Buchan  and  his 
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coUeagnes  failed  to  provide  for  the  continuation  of  the  work  he  had  so  much 
at  hearty  it  did  at  least  make  recommendations  of  a  kind  which  opened  the  way 
for  great  improvements  in  the  conditions  of  meteorological  work,  and  in  the 
useful  co-operation  of  the  various  meteorological  agencies  in  the  United 
Kingdom.  The  publication  of  the  hourly  observations  at  the  two  observatories 
and  the  discussion  of  the  data  filled  his  later  years,  and  although  comparatively 
little  remained  to  be  done,  Dr.  Buchan  died  before  the  completion  of  the  last 
volume. 

While  Dr.  Buchan  was  particularly  associated  throughout  his  long  and 
active  life  with  the  scientific  activity  of  Scotland,  and  of  Edinburgh  in  particular, 
he  was  also  well  known  in  London,  where  he  had  a  place  on  several  important 
representative  bodies.  For  many  years  he  was  the  representative  of  the  Boyal 
Society  of  Edinburgh  on  the  Committee,  nominated  for  the  most  part  by  the 
Royal  Society  of  London,  for  the  administration  of  the  Government  grant  of 
£4000  per  annum  for  scientific  research.  In  1887  he  was  appointed  a  member 
of  the  Meteorological  Council,  the  body  which,  on  the  responsibility  of  the 
Royal  Society  of  London,  directed  the  Meteorological  Office  and  administered 
the  sum  set  apart  by  Parliament  for  the  meteorological  service  of  the  country. 
Dr.  Buchan  also  frequently  attended  the  meetings  of  international  committees, 
and  was  personally  acquainted  with  all  the  leading  continental  authorities  in 
his  own  department 

When  the  Symons  Memorial  Gold  Medal  was  founded,  the  Royal  Meteoro- 
logical Society  made  the  first  award  to  Dr.  Buchan  as  the  most  eminent  British 
meteorologist. 

Dr.  Buchan  received  the  honorary  degree  of  LL.D.  from  the  University  of 
Glasgow  in  1887.  He  was  elected  a  Fellow  of  the  Royal  Society  of  Edinburgh 
in  1869,  a  member  of  its  council  two  years  later,  and  he  received  in  turn  the 
Makdougall  Brisbane  and  the  Gunning  prizes  of  the  Society.  In  1878  he 
became  curator  of  the  library,  a  poet  which,  with  the  permanent  membership 
of  the  council,  he  held  until  within  a  year  or  two  of  his  death.  In  my  mind, 
and  in  the  minds  of  many  who  frequented  the  meetings  of  the  Royal  Society  of 
Edinburgh,  in  the  'eighties  and  'nineties  of  last  century,  the  old  rooms  on  the 
Mound  will  always  remain  most  intimately  associated  with  three  notable  figures 
— Professor  P.  G.  Tait,  for  so  many  years  the  general  secretary,  Dr.  Alexander 
Buchan,  and  Mr.  James  Gordon,  the  picturesque  librarian.  In  connection  with 
the  Royal  Society  Club,  Dr.  Buchan  shone  in  a  sphere  with  which  many  to 
whom  he  was  familiar  in  the  streets  and  in  his  office  never  associated  him,  the 
purveyor  of  intellectual  gaiety  of  the  old  Scottish  type.  As  a  liost  Dr.  Buchan 
was  always  charming,  and  his  breakfasts  on  the  occasion  of  such  meetings  as 
those  of  the  British  Association  are  not  to  be  forgotten  by  anyone  who  had  the 
privilege  of  taking  part  in  them.  Mrs.  Buchan  amply  seconded  his  hospitality, 
and  the  guest  who  came  even  for  an  hour  could  not  fail  to  recognise  a  domestic 
life  of  singular  harmony.  Nor  can  we  close  these  notes  without  a  tribute  to  the 
memory  of  Miss  Jessie  Hill  Buchan,  the  faithful  niece  and  invaluable  assistant 
who  worked  for  so  many  years  in  the  office  with  her  uncle ;  and  it  is  sad  to 
remember  that  both  wife  and  niece  passed  away  before  himself.  He  is  survived 
by  Dr.  Hill  Buchan,  his  only  son. 

In  private  life  Dr.  Buchan  was  full  of  surprises  to  those  who  expect  to  find 
a  student  of  science  a  man  of  one  idea.  He  took  a  deep  interest  in  Church 
matters,  and  was  an  elder  in  Free  St  George's.  He  revelled  in  poetry,  especially 
in  the  old  Scottish  ballads,  from  which  on  suitable  occasions  he  could  produce 
singularly  apt  quotations.  He  was  a  firm  and  generous  friend,  and  all  his 
qualities  were  such  as  to  enshrine  him  in  the  memory  of  those  who  knew  him 
in  the  full  vigour  of  his  strenuous  years  as  something  grand  and  heroic  cast  in 
the  mould  of  Browning's  "  Grammarian  "  : — 
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Here — ^here's  his  place,  where  meteors  shoot,  clouds  form, 

Lightnings  are  loosened, 
Stars  come  and  go  1    Let  joy  break  with  the  storm, 

Peace  let  the  aew  send  ! 
Lofty  designs  mnst  close  in  like  effects : 

Loftily  lying. 
Leave  him — still  loftier  than  the  world  sospects, 

Living  and  dying. 

[The  above  memoir  was  written  by  Dr.  H.  R  Mill,  and  is  reprinted  from 
the  ScaUith  Oeographical  Magasme,  2S,  p.  427. — Editobs.] 

Dr.  Bachan,  who  died  on  May  13,  1907,  was  elected  a  Fellow  of  this  Society 
on  December  17,  1902. 

A  portrait  of  Dr.  Buchan  was  given  in  the  Quarterly  Journal^  YoL  28. 

John  Peabsb  Maclkab  was  bom  in  1838  at  the  Royal  Observatory  of 
the  Cape  of  Qood  Hope,  his  father,  Mr.  (afterwards  Sir  Thomas)  Madear,  being 
at  that  time  Astronomer-Royal  there.  He  was  privately  educated,  and  showed 
a  marked  ability  in  mathematics  and  a  strong  desire  to  join  the  Navy.  In 
1851  he  was  appointed  naval  cadet  and  joined  the  Ccutor,  He  served  as 
midshipman  in  the  Algiers  from  1854  to  1856  during  the  Crimean  War,  both  in 
the  Bidtic  and  the  Black  Sea.  He  was  sub-lieutenant  in  the  OydopB  in  the 
Red  Sea  at  the  time  of  the  troubles  at  Jeddah  in  1858  ;  and  during  the  China 
War  and  the  taking  of  the  Taku  forts  he  was  serving  as  lieutenant  in  the 
Sphdnz  from  1860  to  1862.  He  then  qualified  as  gunnery-lieutenant,  and  was 
appointed  Ist  lieutenant  to  the  Odavia^  and  served  in  her  during  the  Abyssinian 
War  in  1868,  after  which  he  was  promoted  to  commander,  and  had  a  longer 
interval  on  shore,  which  was  devoted  to  studies  in  various  subjects,  including 
languages  and  magnetism.  This  time  also  he  made  a  walking  tour  in  Norway 
with  his  lifelong  friend  Prof.  Alexander  Herschel,^  whose  sister  he  subsequently 
married  (in  1878).  He  then  eagerly  seized  the  opportunity  offered  to  him  of 
joining  in  the  "  Total  Eclipse "  expedition  organised  by  Prof,  (afterwards  Sir 
Norman)  Lockyer  to  India  in  December  1871. 

In  1872  the  Challenger  was  fitted  out  for  her  famous  dredging  and  sounding 
voyage  round  the  world,  and  he  was  selected  as  her  commander  under  Captain 
(afterwards  Sir  George)  Nares  ;  and  throughout  that  expedition  he  took  the 
keenest  and  most  ardent  interest  in  all  the  important  work  carried  on  by  Sir 
Wyville  Thomson  and  his  scientific  staf^  he  himself  sharing  in  the  work  of 
magnetical  observations.  The  experience  gained  during  that  memorable  voyage 
added  considerable  value  to  his  own  later  work  in  the  Survey  Service,  to  which 
he  subsequently  devoted  the  rest  of  his  time  as  captain — first  in  the  Aleri^  from 
1879  to  1882,  surveying  in  the  Straits  of  Magellan  and  the  great  Barrier  Reef 
of  Australia,  and,  secondly,  in  the  Flying  Fish  surveying  ship  in  China,  Korea, 
and  the  Eastern  Archipelago,  from  1883  to  1887. 

<He  was  then  promoted  to  rear-admiral,  and  retired  from  active  service, 
and  took  up  the  arduous  work  of  compiling  Sailing  Directions  under  the  direction 
of  the  distinguished  hydrographer  Admiral  Sir  William  Wharton,  doing  much 
valuable  work  up  to  the  very  end  of  his  life.  He  was  engaged  on  his  seventh 
volume  of  these  Sailing  Directions^  which  was  for  the  waterways  and  great 
lakes  of  Canada,  when,  on  July  17,  1907,  sudden  death  overtook  him  at  Niagara 
Falls. 

While  living  in  his  quiet  country  home  at  Chiddingfold  in  Surrey  he  was 

^  Professor  Herschel,  F.R.S.,  passed  away  a  month  before  his  brother-in-law,  at  Slongh, 
on  Jane  18,  1907.  Some  of  his  contributions  upon  meteorological  topics,  are  contained  in 
the  Quarterly  Journal  of  the  Society.  He  attended  (though  then  in  a  critical  state  of  health) 
the  May  meeting  in  1907,  and  his  remarks  on  that  occasion  regarding  the  fall  of  a  meteorite 
will  be  found  in  the  Quarterly  Joumalf  88,  p.  282. 
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a  doee  observer  of  meteorological  occarrences,  and  was  at  all  times  an  ardent 
lover  of  nature  and  a  warm  advocate  for  the  protection  of  birds. 

Admiral  Maclear  was  elected  a  Fellow  of  this  Society  on  February  16, 1881, 
and  served  on  the  Council  in  1883,  and  from  1889  to  1898,  being  Vice- 
President  in  1890-91. 

John  Montaqujb  Phillfott  died  on  July  17,  1907,  after  an  illness  of  four 
months,  at  the  age  of  34.  He  was  an  assistant  in  the  office  of  the  Royal 
Meteorological  Society  from  February  1889  till  October  1899,  when  he  left, 
at  the  invitation  of  Mr.  Symons,  to  assist  him  in  the  office  of  British  Rainfall. 
He  remained  there,  serving  under  Mr.  H.  S.  Wallis  and  Dr.  H.  R.  Mill 
respectively,  until  the  time  of  his  death. 

Mr.  Phillpott  was  quick  and  accurate  in  his  computations,  and  rendered 
valuable  assistance  in  both  the  offices  in  which  he  was  engaged. 

He  was  elected  a  Fellow  of  this  Society  on  December  20,  1900. 

Dr.  John  Btrnb  Power  was  bom  in  Dublin  in  1834,  and  was  the  eldest 
son  of  James  Power,  of  Hazelbrook,  Rathfarnham,  Co.  Dublin.  In  early  life 
he  suffered  greatly  from  delicate  health,  and  being  at  that  time  of  independent 
means  did  not  enter  upon  a  professional  career  until  somewhat  advanced  in 
years.  At  first  he  studied  law,  but  his  taste  did  not  lie  there,  so  later  on  he 
entered  the  medical  profession.  Delicate  as  he  was,  he  possessed  remarkable 
courage  and  devotedness,  and  on  one  occasion  stayed  on,  as  resident,  in  a  large 
hospital  crowded  with  cases  of  small-pox,  while  others  left  in  panic. 

Soon  after  he  took  out  his  degrees  he  was  appointed  senior  physician  to 
St.  Michael's  Hospital,  Kingstown,  where  he  had  ample  opportunities  for  the 
scientific  pursuit  of  his  profession.  During  his  tenure  of  office  there  he  carried 
out  elaborate  studies  and  experiments  on  the  subject  of  the  elimination  of 
nitrogen  compounds  from  the  blood.  His  essay  on  this  subject  is  a  model  of 
patient  and  thorough  scientific  work  and  research.  In  it  he  proved,  for  the 
first  time,  that  the  skin  has  very  limited  power  to  carry  off  these  compounds — 
a  fact  which  has  a  most  important  bearing  on  treatment  in  many  crises  of 
illness. 

Dr.  Power  contributed  many  valuable  essays  on  medical  subjects,  e,g. 
*'  Powers  and  Duties  of  Sanitary  Inspectors,"  *'  The  Climate  of  Kingstown  and 
the  South  of  England  compared,"  "On  the  Public  Health  of  Kingstown," 
"  Is  Drinking  Sewage  by  Milch  Cows  a  Danger  to  Public  Health  ? "  etc. 

Of  latter  years — since  his  appointment  as  Medical  Officer  of  Health  at 
Kingstown — Dr.  Power  devoted  himself,  heart  and  soul,  to  that  department, 
and  by  his  careful  records  of  temperature,  winds,  and  rainfall,  showed  that 
the  climate  of  Kingstown  is  superior  in  many  respects  to  that  of  any  of  the 
well-known  health  resorts  on  the  south  coast  of  England. 

Dr.  Power  was  a  gentleman  of  wide  reading  and  high  culture,  an  excellent 
musician,  and  had  travelled  extensively ;  he  was  of  charming  personality,  genial 
and  amiable  to  all,  and  universally  beloved.     He  died  on  August  30,  1907. 
He  was  elected  a  Fellow  of  this  Society  on  December  18,  1901. 

Simpson  Rostron  was  bom  on  April  24,  1833,  and  was  the  only  son  of 
Laurence  Rostron,  of  Edenfield,  Lancashire.  He  was  called  to  the  Bar  by  the 
Middle  Temple  in  1864.  He  was  for  many  years  special  pleader  on  the 
Northern  circuit.  He  held  the  Commission  of  the  Peace  for  the  county  of 
Surrey.  He  was  for  nearly  thirty  years  a  director  of  the  South  Metropolitan 
Gas  Company. 

Mr.  Rostron  travelled  a  good  deal  in  the  early  part  of  his  life,  and  was 
very  fond  at  one  time  of  Alpine  climbing.     He  was  a  member  of  the  Alpine 
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Club,  and  it  waB  daring  some  of  these  climbs  that  he  began  to  make  observa- 
tions on  the  differences  in  temperatures,  etc.  He  was  keenly  interested  in 
extremes  of  heat  and  cold  and  their  effects.  Even  up  to  the  end  of  his  life 
he  would  always  look  at  the  thermometers  in  the  screen  twice,  if  not  more,  in 
the  day,  and  if  he  could  not  go  out^  would  invariably  ask  for  the  weather-book. 
His  excellent  memory  was  most  useful  in  remembering  "  record ''  temperatures, 
etc. 

He  was  the  Royal  Meteorological  Society's  observer  at  Beddington  since 
1881.     He  died  on  November  7,  1907. 

He  was  elected  a  Fellow  of  this  Society  on  February  18,  1880. 

Henby  Chamberlaine  Russell  was  the  son  of  the  Hon.  Bourn  Russell 
and  was  bom  at  Maitland,  New  South  Wales,  on  March  17,  1836.  He 
graduated  at  Sydney  University  in  1858,  and  was  soon  after  appointed 
assistant  to  the  Rev.  W.  Scott,  the  first  Qovemment  Astronomer  for  New 
South  Wales.  At  the  age  of  25  he  temporarily  held  this  latter  post  after  the 
death  of  Mr.  Scott,  until  Mr.  Smalley  was  appointed.  On  the  death  of  the 
latter  in  1870,  Mr.  Russell  was  appointed  Government  Astronomer,  and  he 
held  that  post  for  35  years.  He  reorganised  the  Observatory  and  kept  it  in  an 
efficient  state.     He  also  turned  his  attention  to  meteorology. 

In  1870  there  were  twelve  meteorological  observing  stations  in  the  whole 
state  of  New  South  Wales,  and  the  Gk)vernment  could  not  afford  any  large 
contribution  towards  an  increase.  Mr.  Russell,  however,  induced  the  squatters 
and  farmers  to  make  observations  of  rainfall  and  evaporation,  and,  by  his 
mechanical  ingenuity,  furnished  the  stations  with  the  necessary  apparatus  with 
the  smallest  possible  outlay.  In  1876  he  had  collected  all  the  observations  of 
rainfall  made  in  Australia  and  discussed  them,  with  the  result  that  he  believed 
that  there  was  a  periodicity.  In  1878  he  had  a  large  number  of  returns  from 
the  observing  stations,  and  after  careful  analysis  was  enabled  to  commence  the 
publication  of  weather  charts  in  the  newspapers.  In  1887,  in  conjunction 
with  Sir  Charles  Todd  of  South  Australia,  and  Mr.  Ellery  of  Victoria,  he 
succeeded  in  establishing  a  system  of  weather  forecasts. 

He  also  designed  several  self-recording  meteorological  instruments,  including 
an  anemometer,  pluviometer,  thermograph,  electrical  barograph,  etc. 

Mr.  Russell  was  a  member  of  the  Board  of  Technical  Education,  and  in 
1891  was  made  Vice-Chancellor  of  the  University  of  Sydney.  He  was  elected 
a  Fellow  of  the  Royal  Society  in  1886.  He  was  four  times  President  of  the 
Royal  Society  of  New  South  Wales,  and  was  in  1888  the  first  President 
of  the  Australasian  Association  for  the  Advancement  of  Science.  In  1891  he 
was  made  a  Companion  of  the  Order  of  St  Michael  and  St.  George.  He  died 
on  February  22,  1907,  in  the  seventy-first  year  of  his  age. 

He  was  elected  a  Fellow  of  this  Society  on  November  18,  1874. 

Maubits  Snellen  was  bom  on  April  1,  1840,  at  Zeyst,  not  far  from 
Utrecht.  After  visiting  the  gymnasium  at  Gouda,  he  entered  the  University  of 
Leiden,  and  devoted  himself  to  the  study  of  mathematics  and  physic&  As  a  re- 
sult of  this  study,  he  obtained  the  degree  of  Doctor  of  Mathematics  and  Physics 
in  1865.  From  1863  to  1864  he  was  a  teacher  of  physics  and  mechanics  at 
Leiden,  then  from  1864  to  1867  teacher  of  physics  in  the  gymnasium  at 
Groningen,  and,  lastly,  from  1867  to  1873  teacher  of  mathematics  at  Delft  He 
then  gave  up  teaching  and  entered  the  physical  laboratory  of  the  University  of 
Utrecht  as  assistant  to  Prof.  Buys  Ballot,  who  at  the  same  time  occupied  the 
position  of  Director  of  the  Royal  Dutch  Meteorological  Institute. 

Dr.  Snellen  soon  became  engaged  in  meteorological  work,  especially  in  the 
magnetic  branch,  and  so  he  entered  upon  his  career  as  meteorologist  in  1877  as 
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director  of  the  first  section  of  the  Institute.  In  this  position  he  remained  until 
1891,  when,  after  the  death  of  Prot  Buys  Ballot,  he  was  appointed  chief  director. 
In  1889  he  was  admitted  as  private  lecturer  in  meteorology  at  the  University 
of  Utrecht  In  1902  a  reorganisation  took  place  and  he  was  appointed 
director  of  a  newly  created  section  for  terrestrial  magnetism  and  seismology. 
This  new  position  he  resigned  on  November  1,  1905,  and  then  settled  down 
at  Apeldoom,  where  he  died  on  October  20,  1 907,  at  the  age  of  67. 

Dr.  Snellen  took  a  prominent  part  in  the  Dutch  North  Polar  Expedition  on 
the  Varna  in  1882-83. 

He  was  elected  an  Honorary  Member  of  this  Society  on  January  17,  1894. 

Liedt.-Qenbral  John  Spbot  was  bom  in  March  1830.  He  was  educated 
partly  at  a  preparatory  academy  for  Addiscombe,  and  partly  in  Germany.  He 
joined  the  83rd  Regiment  in  1848. 

He  served  with  his  regiment  in  India  during  the  Mutiny,  and  acted  as 
Brigade-Major  to  a  field-force  operating  in  Bajputana,  winning  the  highest 
praise  from  his  superior,  General  Roberts.  In  1860  he  returned  home  on 
sick  leave,  and  in  1867  was  promoted  Major.  Afterwards  he  joined  the 
Argyllshire  Highlanders,  which  regiment  he  commanded  from  1869  to  1876. 
In  1882  he  was  promoted  Major-General,  and  in  1884  he  succeeded  to  the 
family  estates.  In  1887  he  retired  from  the  Army  with  the  rank  of  Lieutenant- 
GeneraL  He  did  work  in  India  on  roads  and  railways  in  connection  with  the 
Public  Works  Department 

Since  his  succession  to  his  estate  at  Riddell,  Roxburghshire,  General  Sprot 
devoted  himself  to  the  pursuits  of  a  country  gentleman,  and  always  took  the 
keenest  interest  in  public  affairs.  He  was  a  Deputy-Lieutenant  and  Justice  of 
the  Peace  for  the  county. 

In  1893  he  started  the  interesting  series  of  rainfall  and  meteorological 
observations  which  he  kept  up  to  the  end.  One  of  General  Sprot's  most 
interesting  meteorological  experiments  was  made  with  electric-recording 
anemometers  fixed  at  various  heights  on  a  great  steel  flagstaff  130  ft.  high, 
which  he  had  erected  in  his  grounds  at  Lilliesleaf. 

He  died  on  March  19,  1907,  aged  77  years. 

He  was  elected  a  Fellow  of  this  Society  on  December  20,  1899. 

Lawrence  Charles  Hills  Young  was  the  second  son  of  the  Rev.  H.  Savill 
Toung,  for  some  years  rector  of  Slough.  He  was  educated  at  Marlborough,  and 
then  proceeded  to  Exeter  College,  Oxford,  where  he  took  honours  in  Indian 
History.  He  went  out  to  India  in  October  1901,  and  joined  the  staff  of  a 
large  mercantile  firm  in  Bombay.  He  returned  to  England  on  account  of  ill 
health  in  the  summer  of  1907,  and  died  at  Henley-on-Thames  on  September  8, 
at  the  age  of  30. 

His  recreation  as  a  boy  was  insect  collecting  and  entomology,  and  he  was  a 
keen  observer  of  Nature.  When  in  Bombay  he  rendered  valuable  assistance  to 
the  Natural  History  Society  by  taking  in  hand  the  rearrangement  and 
classification  of  the  entomological  collections. 

He  was  elected  a  Fellow  of  this  Society  on  May  16,  1906. 


APPENDIX  IV. 
PURCHASES  DURING  THE  YEAR  1907. 

1.  Books. 

International  Catalogue  of  Scientific  Literature.    Fifth  Annual  Issue,  C. 
Physios.     F.  Meteorology. 

Newman,  G.— Infant  Mortality.    A  Social  Problem.     Svo.    London,  1906. 
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ScHABP,  K— Der  Hftgel.    8vo.     Halle-a.-S.,  1906. 

Waldo,  F.— Elementary  Meteorology  for  High  Schools  and  Colleges.  New  York, 
1896. 

Washington,  Enoinskr  Departmbnt,  U.S.  Army.— Report  upon  United  States 
Geographical  Surveys  west  of  the  One  Hundredth  Meridian,  Vol.  8. — Astronomy  and 
Barometric  Hypeometiy.    4to.    Washington,  1877. 

2.  Photoosaphs. 
Photos  of  large  Hailstones  at  Charlestown,  Natal  (4). 


APPENDIX    V. 
DONATIONS  RECEIVED  DURING  THE  YEAR  1907. 

1.  Books  and  Pamphlets. 
Presented  by  Sodeiiea,  IrutUiUums,  etc 

Aachen,  Mxteorolooibches  Obseryatorium.— Deutsches  meteorologisches  Jahr- 
buch,  Aachen,  1905. — Die  wolkenbruchartigen  Regenfalle  im  Rur-  und  Erst^biete  am  7., 
10.,  17.  Juni  und  5.  Juli  1905. 

Bangalore,  Central  Observatory.— Meteorology  in  Mysore,  1906.~Report  on 
the  Rainfall  R^stration  in  Mysore,  1906. 

Barbados,  Colonial  Secretary's  Office.— Returns  of  Bainfall  in  Barbados,  1907. 

Barcelona,  Observatorio  Belloch. — Hojas  Meteorol6gicas,  1904. 

Batavia,  Magnbtioal  and  Meteorological  Observatory.  —  Observations, 
1905,  Appendices  1-8. — Rainfall  in  the  East  Indian  Archipelago,  1905. 

Belgrade,  Observatoire  Central.— Bulletin  Mensuel,  l  and  8. 

Berlin,  Deutsche  meteorologische  Oesellschaft.— Meteorologische  Zeitschrift, 
Dec.  1906  to  Nov.  1907. 

Berlin,  Oesellschaft  fOr  Erdkundb.— Zeitschrift,  1906,  No.  10,  to  1907,  No.  9. 

Berlin,  KdNiGLicH-PREUssiscHES  meteorologisches  Institut.— Bericht  iiber 
die  Tatigkeit,  1906. — Deutsches  meteorologisches  Jahrbuch,  1905-6,  Preussen  nnd 
benachbarte  Staaten. — Ergebnisse  der  Beobachtungen  an  den  Stationen  II.  und  III. 
Ordnun^,  1901.— Ergebnisse  der  Gewitter- Beobachtungen,  1901-2. — Ergebnisse  der 
magnetischen  Beobachtungen  in  Potsdam,  1902. — Erffebnisse  der  meteorologischen 
Be^chtangen  in  Potsdam,  1903.  —  Ergebnisse  der  Niederschlags- Beobachtungen, 
1908-4. — Intemationaler  meteorologischer  Kodex.  Im  Auftrage  des  Intemationalen 
meteorologischen  Eomitees,  bearbeitet  von  G.  Hellmann  und  H.  H.  Hildebrandsson. 

Birmingham  and  Midland  Institute. — Records  of  Meteorological  Observations 
taken  at  the  Observatory,  Edgbaston,  1906. 

Bremen,  Meteorologische  Station. — Deutsches  meteorologisches  Jahrbuch,  1906. 

Brisbane,  General  Register  Office.— Vital  statistics,  1905. 

Brisbane,  Royal  Geographical  Society  of  Australia,  Queensland. — Queens- 
land Geographical  Journal,  22. 

British  New  Guinea,  Colonial  Secretary's  Office. — Annual  Report  for  the 
year  ending  June  30,  1906. 

Brussels,  Acad^mie  Royale  de  Belgique. — Annnaire,  1907. — Bulletin  de  la 
classe  des  sciences,  1906,  No.  10,  to  1907,  No.  8. 

Brussels,  Conors  International  pour  l'^tude  des  rI^gions  polaires.— 
Rapport  d'ensemble.  Documents  pr^liminaires  et  compte  rendu  des  stances,  Sept. 
7-11,  1906. 

Brussels,  Observatoire  Royal. — Annales,  Nouvelle  S^rie,  Astronomique,  9.^ 
Physique  du  globe,  3. — ^Annuaire  astronomique,  1907. — ^Annuaire  m^t^orologique,  1907. 
— Les  observatoires  astronpmiques  et  les  astronomes. 

Brussels,  Service  Metkorolooiqub  de  Belgique. — La  foudre  et  les  arbres.  ]£tude 
sur  lee  foudroiements  d'arbres  constates  en  Belgique  pendant  les  anndes  1884-1906. 
Par  E.  Yanderlinden. 

Bucharest,  Institut  MAt^rologique  de  Roumanie.— Analele,  1902.— Buletinul 
Lunar  al  Observatiunilor  Meteoroloffice  din  Romania,  1905. — Climatologia  Bucuresteana, 
1902-8. — Materiale  pentru  Climatologia  Romaniei,  1905. — Meteoroloffia  si  Metrologia  in 
Rom&nia  dr  S.  C.  Hepites.— Starea  udometric&  si  agricol&  a  Rom&niei,  Nos.  27-43. 

Budapest,  E.  ung.  Rbichsanstalt  fCr  Meteorologie  und  Erdmagnetismub. 
^Jahrbuch  1904,  Teil  4  ;  1905,  Teile  1  and  8. 

BuiTENzoRG,  Institut  botanique  de  l'^at.— Observations  m^t^orologiques,  1905-6. 
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Oaibo,  Sooi]iT]ft  EhAditialb  db  GAoobaphib.— Balletin,  6,  Nob.  10  to  12. 

Cairo,  Survet  Department,  Public  Workb  Department. — Meteorological 
Report,  1904,  joart  1.— The  Climate  of  Abbassia  near  Cairo,  by  B.  £.  F.  Keeling. ^The 
Rains  of  the  Nile  Basin  in  1906,  l^  Capt.  H.  O.  Lyons. 

Calcutta,  Mbteorolooioal  Office. — Indian  Daily  Weather  Charts,  Dec.  1,  1906, 
to  Nov.  80,  1907.— Indian  Monthly  Weather  Review,  May  to  Dec.  1906.— Indian 
Meteorological  Memoirs,  18,  parts  1  and  8. — ^Memorandum  on  the  Meteorological 
conditions  prevailing  in  the  Inaian  Monsoon  Region  before  the  advance  of  the  South- 
west Monsoon  of  1907,  with  an  estimate  of  the  probable  Distribution  of  the  Monsoon 
Rainfall,  1907. — Memorandum  on  the  Meteorological  conditions  prevailing  in  the  Indian 
Monsoon  Region  during  the  first  half  of  the  South-west  Monsoon  Peri(^  of  1907  with 
anticipations  regarding  the  Monsoon  Rainfall  4uring  Aug.  and  Sept  1907. — Rainfall  of 
India,  1905. — Report  on  the  Administration,  1906-7. 

Cape  Town,  South  African  Philosophical  Society. — Transactions,  16,  parts 
4-6  ;  17,  parts  1-3  ;  18,  part  1. 

Carlsruhe,  Centralbureau  fOr  Meteorologib  und  Htdrooraphie  im 
Grossherzootum  Baden.  —  Jahrbuch,  1906.  —  Niederschlags  -  Beobachtungen  der 
meteorologischen  Stationen  im  Grossherzogtum  Baden,  1906,  part  2  ;  1907,  part  1. 

Chicago,  Geographic  Society. —Lantern  Slide  Illustrations  for  teaching  of 
Meteorology. 

Christiania,  Norwegisches  meteorolooisches  Institut.— Jahrbuch,  1906. — 


Nedboriagttagelser  i  Norge,  1906. 
Christ's  Ho 


lospiTAL,  Katural  History  Society.— Annual  Report,  1906. 

Colorado,  College  Observatory. — Annual  Meteorological  Summary,  1906. 

Copenhagen,  Dansk  Mbteorologisk  Institut. — Bulletin  m^tdorologique  du 
Nord,  Nov.  1906  to  Oct.  1907.— Nautisk-Meteorologisk  Aarbog,  1906.— Meteorologisk 
Aarbog,  1903,  part  2 ;  1904,  parts  1  and  2;  1905,  part  1  ;  1906,  part  1.— Annales  de 
I'observatoire  magn^tique  de  Copenhague. 

Cordoba,  Oficina  Meteorol6oica  Argentina.— Carta  del  Tiempo,  Nov.  1906  to 
Oct.  1907. 

Cornwall  County  Council,  Sanitary  Committee.— Monthly  Report,  Dec. 
1906  to  Nov.  1907. 

Cracow,  K.  K.  Sternwartb.— Meteorologische  Beobachtungen,  Dec.  1906  to  Sept. 
1907. 

Croydon,  Natural  History  and  Scientific  Society. — Daily  Rainfall  in  the 
Croydon  District,  Dec.  1906  to  Oct.  1907. —Report  of  the  Meteorological  Sub- 
Committee,  1906. 

Davos  Platz,  Kurverein.— Davoser  Wetterkarte,  Nov.  1906  to  Oct.  1907. 

Dublin,  Royal  Dublin  Society. — Economic  Proceedings,  1,  parts  9  to  11.— 
Scientific  Proceedings,  11,  parts  13  to  20. — Transactions,  11,  Nos.  4  to  6. 

Dublin,  Royal  Irish  Academy. — Proceedings,  26  A.,  part  2  ;  27  A.,  parts  1  and  2. 

Ealing,  Scientific  and  Microscopical  Society. — Report  and  Transactions, 
1906-7. 

Edinburgh,  General  Register  Office. —  Quarterly  Returns  of  the  Births, 
Marriages,  and  Deaths  registered  in  Scotland,  for  the  year  ending  Sept.  80,  1907. 

Edinburgh,  Royal  Observatory. — Annals,  2. 

Edinrurgh,  Royal  Scottish  Geographical  Society. — Scottish  Geographical 
Magazine,  1907. 

£!dinburgh.  Royal  Society. — Proceedings,  26,  No.  6  to  27,  No.  6. 

Edinburgh,  Scottish  Meteorological  Society.— Journal,  Third  Series,  No.  24. 

FiUMB,  I.  R.  AccADEMiA  Di  Marina. — Metcorological  Observations,  Dec.  1906  and 
Jan.  1907. 

Geneva,  Soci^ti  de  GftooRAPHiE.— Le  Globe,  46. 

Geneva,  Socit^t*  Genevoisr  pour  la  Construction  d'Instrumknts  de  Physique 
ET  de  MicANiQUE. — Illustrated  Price  List  of  Physical  and  Mechanical  Instruments. 

Glasgow,  Royal  Philosophical  Society.- Proceedincs,  1905-1906. 

Greenwich,  Royal  Observatory. — Magnetical  and  Meteorological  Observations, 
1906.— Report  of  the  Astronomer-Royal  to  the  Board  of  Visitors,  June  8,  1907. 

Halifax,  Nova  Scotian  Institute  of  Science. — Proceedings  and  Transactions, 
11,  part  2. 

Hamburg,  Deutsche  Seewarte.  —  Annalen  der  Hydrographie  und  maritimen 
Meteorologie,  1907. — Aus  dem  Archiv,  29,  No.  2. — Deutsche  iioerseeische  meteoro- 
logische Beobachtungen,  Heft  14. — Ergebnisse  der  meteorologischen  Beobachtungen, 
1905.— Jahresbericht,  1906.— YII.  Nachtrag  zum  Katalo^  der  Bibliothek. — Registrier- 
ballonaufstiege  in  Hamburg  vom  April  1905  bis  Marz  1906,  von  Dr.  Paul  Perlewitz. — 
Wetterbericht,  1907. 

Hong-Kong,  Observatory. — China  Coast  Meteorological  Register,  1906. — Extract 
of  Meteorological  Observations,  Nov.  1906  to  Oct.  1907.— Observations,  1906.— Report 
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of  Committee  to  inquire  whether  earlier  Warning  of  the  Typhoon  of  Sept  18, 1906, 
could  have  been  given  to  shipping. 

Jamaica,  Govebkmxmt  Mxtborologist. — Weather  Report,  Sept  1906  to  Aug.  1907. 

Jebset,  Obsskyatoirb  St. -Louis.  —  Bulletin  des  obseryationa  magn^tiques  et 
met^rologiques,  1906. 

EiBFF,  Obsekyatoirb  mi&t£obologiqite  db  L'TTNiyERBiT^— Observations,  1905. 

Leon,  Obsebvatobio  meteobol6oioo. —  Boletin  mensual,  Oct  1906  to  Nov.  1907. 

Lisbon,  Obsbbyatobio  do  Infante  D.  Luiz. — Boletim  meteorologico,  1907.— 
Annaes,  1904,  1906. — Ob8erva96e8  dos  postos  meteorologicos,  1889,  1890  (supplements), 
1904  and  1905. 

Lisbon,  Sociedade  de  Geoobaphia.— Boletim,  26,  Nos.  1  to  10. 

LiYEBPOOL,  LiTEBABT  AND  PHILOSOPHICAL  SooiETT. — ProceedincB,  1905-7. 

London,  Admibaltt  Hydbographic  Department.— List  of  Oceanic  Deptba 
received  at  the  Admiralty  during  the  year  1906. 

London,  Aeronautioal  Society.— Aeronautical  Journal,  1907. 

London,  Board  of  Agriculture  and  Fisheries.— Agricultural  Statistics,  1906, 
Journal,  14»  Nos.  1-8. 

London,  British  Association.— Report,  1906. 

London,  British  Balneological  and  Climatological  Society.— The  Journal  of 
Bahneology  and  Climatology,  1907. 

London,  General  Register  Office. — Quarterly  Returns  of  Marriages,  Births,  and 
Deaths  for  the  year  ending  Sept.  80, 1907.— Weekly  Returns  of  Births  and  Deaths,  1907. 

London,  Geological  Society. — Quarterly  Journal,  1907. — Geological  Literature, 
1907. 

London,  India  Office. —Schlich's  Manual  of  Forestry,  8  ed.  1. 

London,  Institution  of  Electrical  Engineers.— Journal,  Nos.  181  to  186. 

London,  Institute  of  Sanitary  Engineers.- Journal,  9,  parts  1  and  2. 

London,  Meteorological  Office. — Daily  Weather  Reports,  1907. — Hourly  Read- 
ings at  the  four  Observatories  in  connexion  with  the  Meteorological  Office,  1905-6. — 
Meteorological  Observations  at  Stations  of  the  Second  Order,  1902. — Monthly  Meteoro- 
logical Ch^is  of  the  Indian  Ocean  North  of  15**  S.  Lat  and  Red  Sea,  1907.— Monthly 
Meteorological  Charts  of  the  North  Atlantic  and  the  Mediterranean,  1907. — ^Report  of 
the  Meteorological  Committee  for  the  year  ending  March  31,  1907. — ^Weekly  Weather 
Re^rts,  1907. — Ceylon  Administration  Reports,  1905 ;  Meteorology. — Hints  to  Meteoro- 
logical Observers  in  Tropical  Africa. — Annual  Report  of  the  Department  of  Agriculture 
of  the  Proyince  of  Saskatchewan,  1905. — Southern  Rhodesia,  Report  on  Meteorology  for 
the  year  ended  March  81,  1908. 

LONDON,  Metropolitan  Water  Board. — 4th  Report 

London,  Optical  Society.— Transactions,  1899-1905. 

London,  National  Physical  Laboratory.— Report  of  the  Observatory  Depart- 
ment, 1906. 

London,  Physical  Society.— Proceedings,  Nos.  120  to  122. 

London,  Royal  Agricultural  Society.— Journal,  1906. 

London,  Royal  Astronomical  Society.— Monthly  Notices,  1907. 

London,  Royal  Botanic  Society.— Quarterly  Record,  Dec  1906  to  Sept.  1907. 

London,  Royal  Geographical  Society.— Geographical  Journal,  1907. 

London,  Royal  Hobticultubal  Society. — Journal,  32. 

London,  Royal  Sanitaby  Institute. — Journal,  27,  No.  12,  to  28,  No.  11. 

London,  Royal  Society. — Proceedings,  Nos.  526  to  589. 

London,  Royal  Statistical  Society.— Quarterly  Journal,  Deo.  1906  to  Sept  1907. 

London,  Society  of  Abts. — Journal,  1907. 

Madbid,  Instituto  centbal  ueteobol6oico.— Boletin,  1907. 

Madrid,  Obsebvatobio. — Anuario,  1907. 

Madrid,  Sociedad  Geographioa.— Boletin,  48,  No.  4,  to  49,  No.  8. — Revista  de 
geografia  colonial  y  mercantil  publicada  por  la  seccidn  de  geografia  comercial,  Actas  de 
las  sesiones  celebradas  por  la  sociedad  por  la  junta  directiva  y  por  las  secciones  3,  No. 
16  to  4»  No.  11. 

Manchester,  Godleb  Obsbrvatory.— Report,  1906. 

Manchester,  Literary  and  Philosophical  Society.— Memoirs  and  Proceedings, 
61,  Nos.  1-8. 

Manila,  Philippine  Weatheb  Bubeau. — Philippine  Weather  Review,  May  1906 
to  Jan.  1907.— Report  of  the  Director,  1904,  part  8,  1905,  parts  1  and  2.— The  Rainfall 
of  the  Philippines,  by  Rev.  M.  S.  Maso. 

Mablbobough  College,  Natubal  Histoby  Society.— Report,  1906. 

Mabsbilles,  Commission  db  m£t£orologib  du  D^partement  des  Bouches-du- 
RHdNE. — Bulletin  annuel,  1905. 

Mauritius,  Royal  Alfred  Obseryatory. — ^Annual  Report  of  the  Director,  1906. 
— Results  of  Magnetical  and  Meteorological  Observations,  1905. 
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MiRZiFUK,  Anatolia  College.— Meteorological  Records,  1906. 

Messina,  OssBRyATORio.— AnDuario,  1906. 

Mexico,  Obsbbvatorio  mbteobol6gico-maon^ico  central.— Boletin  mensual, 
Not.  1902  to  April  1908,  July-Sept.  1904.— El  servioio  meteorol6gico  de  la  Repdblica 
Mezicana. — Tiempo  probable  durante  el  mes  Sept.  y  Oct  1907. 

Mexico,  Sociedad  cientIfica  "Antonio  Alzatb."— Memorias  y  revista,  82, 
No8.  9-12 ;  83,  Nos.  5-12 ;  24,  Noa.  1-12 ;  26,  No.  1. 

Milan,  R.  Osservatorio  astronomico  di  Brera.— OsseryaEioni  meteorologiche, 
1906. 

Moscow,  Sooi]^<  imperiale  DBS  Naturalistes.— BulletlD,  1905,  No.  4, 1906,  Nos. 
1  to4. 

Munich,  Meteorolooibchb  Stationen  im  EdNiOREicu  Batbrn.— Deutsches 
meteorologtsches  Jahrbach,  Bayem,  1893-1898,  Heft  5 ;  1899  to  1903. 

Natal  Observatory.— Report  of  the  Goyemment  Astronomer,  1906. 

New  York,  Central  Park  Observatory. —Abstracts  of  Registers  from  Self- 
recording  Instruments,  Nov.  1906  to  Oct.  1907. 

Odessa,  Observatoire  mAt^orologiqite  bt  maonAtiqub.  —  Annates,  1906.— 
Organisation  de  T^tude  climat^riqne  specials  de  la  Russie  et  probl&mes  de  la  m^t^orologie 
agnoole. — ^Revue  m^t^orologique. — Travaux  du  r^seau  m^t^orologique  du  Sud-Ouest  de 
la  Russie,  1896-1899,  1903. — Travaux  du  r^seau  met^orologique  du  Sud-Ouest  de  la 
Russie,  1886-1896. 

OS  A  (Spain),  Coleqio  MAjcimode  la  CoMPAfiliDE  Jesus.— Observaciones  meteoro- 
Idgicas,  1906. 

Ottawa,  Department  of  Marine  and  Fisheries.- Toronto  General  Meteoro- 
logical Register,  1906. 

Ottawa,  Geological  Survey  of  Canada.— Summary  Report,  1905-6.— Annual 
Report,  Section  of  Mines,  1904. 

Oxford,  Clarendon  Press. — The  Imperial  Gazetteer  of  India.  The  India  Empire, 
1,  Descriptive. 

Paisley,  Philosophical  Institution.  Coats  Observatory.— Meteorological 
Observations,  1906. 

Paris,  Bureau  central  mAt^rolooiqub  de  France. — Annales,  1904,  II., 
III.— Bulletin  international,  1907.— Bulletin  mensuel,  Oct.  1906  to  Oct.  1907.— Rapport 
de  la  conference  m^t^orologique  internationale.    Reunion  d' Innsbruck,  1906. 

Paris,  Observatoire  municipal. — ^Annates,  tome  6-6. 

Paris,  Soci«t<  MltritoROLOOiQUB  de  France.— Annuaire,  Nov.  1906  to  Oct.  1907. 

Perpignan,  Observatoire. — Bulletin  m^t^rologique  annuel  du  D^partement  des 
Pyren^-Orientales,  1905. 

Perth  (W.  A.),  Observatory. — Meteorological  Observations  made  at  the  Perth 
Observatory  and  other  places  in  Western  Australia,  1905. 

Philadelphia,  American  Philosophical  Society.— Proceedings,  Nos.  184  to  186. 
— Record  of  the  Celebration  of  the  Two  Hundredth  Anniversary  of  the  birth  of  Benjamin 
Franklin. 

Pola,  K.-E.  Hydrographisches  Amt. — Jahrbuch  der  meteorologischen,  erdmagne- 
tisohen  und  seismisohen  Beobachtungen,  1906. 

Port-au-Prince,  SocifcTi  astronomique  et  MiT^ROLOGiQUE.— Bulletin  annuel, 
1906.— lUsum^  m^t^orologiques,  Oct  1906  to  May  1907. 

Prague,  Sternwarte.— Meteorologische  und  magnetische  Beobachtungen,  1906. 

Pretoria,  Transvaal  Meteorological  Department.— Annual  Report  for  the 
year  ended  June  30,  1906. 

Rio  de  Janeiro,  Ministerio  da  Marinha. — Boletim  des  observa^oes  meteoro- 
logicas,  Jan.  to  Oct  1906. — Boletim  semestral,  No.  16. 

Rio  de  Janeiro,  Obsrrvatorio. — Annuario,  1907.— Boletim  mensal,  1906. 

Rome,  SocietA.  sismologica  Italian  a. — Bollettino,  11,  No.  7,  to  12,  No.  5. 

Rome,  Ufficio  centrale  di  meteorologica  e  di  geodinamica.— Annali,  serie 
seoonda,  1901,  part  l.—Ri vista  meteorico-agraria,  27,  No.  84,  to  28,  No.  28. 

Rothamsted,  Lawes  Agricultural  Trust. — Plans  and  Summary  Tables  arranged 
for  reference  in  the  Fields,  1906. 

St.  Petersburg,  Central  Physical  Observatory.— Annales,  1904.— Determina- 
tion of  the  Height  of  Clouds  in  Darkness  by  means  of  an  Electric  Projector,  by  Y.  Y. 
Euznetzov  (in  Rnssian). — La  variability  interdiume  de  la  pression  atmospn^rique 
principalement  en  Asie,  par  A.  Woeikof. — Materials  for  the  Meteorology  of  the  Free 
Atmosphere,  by  £.  Rosenthal  (in  Russian). — North-east  Storms  of  the  Black  and  Azof 
Seas,  by  I.  Setuenov  (in  Russian).— Storms  of  Lake  Baikal,  by  G.  lakhontov  (in  Russian). 
The  St.  Petersburg  Floods  and  some  Characteristic  Features  of  the  Floods  of  1824,  1822, 
and  1777,  by  S.  Griboedov(in  Russian). — ^Upper  Clouds  from  Observations  made  at  the 
Constantino  Observatory  at  Pavlovsk,  by  I.  Nadein  (in  Russian).— Ueber  starke  Regen 
in  St.  Petersburg. 
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St.  Pstbrsbubo,  Obseryatoirb  Constatin.— £tade  de  ratmosph^re,  fasc.  2. 

St.  Pxtebsbubg,  Obsbrvatoibb  m^ti^orolooiqub  de  l'Institut  Fobbstixr 
Imperial. — ObeeryationB,  1905. 

Saloniqux,  Gymnase  Buloare  de  GAR90KS  ''St.-Cyrillb  et  Method."— 
Bulletin  annnaire,  1904-5. 

San  Feenando,  Instituto  y  Obsbryatorio  de  Marina. — Obseryaoiones  meteoro- 
16gicas,  magn^ticas  y  s^ismicas,  1906. — Eclipse  total  de  sol  del  80  de  Agosto  de  1905. 

San  Jos^  (Costa  Eica),  Sooiedad  nacional  de  Aoricultura.— BoletiD,  Nos.  9, 10. 

S.  Paulo,  CoxMiasio  qeooraphioa  e  geolooica.—- Boletim,  No.  2,  Dados  Climato- 
logicos,  1908. 

SoxTTHPORT,  Fernley  OBSERYATORY.—Eeport  and  Eesnlts  of  Observations,  1906. 

Stockholm,  K.  Svenska  Yetenskaps  Akademie.  —  Arkiy  fiir  matematik, 
astronomi  och  fysik,  Nos.  3  to  4. 

Stockholm,  Meteobologiska  Centbal-Anstalt.  —  M&nadsofversigt  af  vader- 
leken  i  Sverige,  Oct.  1906  to  Noy.  1907. — Meteorologiska  lakttaffelser  i  Sveriee,  1906. 

Stonyhubst,  College  Obsebyatoby. — Eesolts  of  Meteorological  and  Magnetical 
Obsenrations,  1906. 

Stbabsbubg,  Intbbnationale  Eommission  fOr  wissenschaftliche  Luft- 
aoHiFFAHRT. — Beobachtun^sn  mit  bemannten,  unbemanuten  Ballons  und  Drachen  sowie 
anf  Berg-  nnd  Wolkenstationen,  May  1905  to  June  1906. — Cinqui^me  Conference  de 
la  Commission  k  Milan  da  30  septembre  an  7  octobre  1906.  Proems- Yerbaux  des  s^ces 
et  m^moires. 

Tacubaya,  Obsebyatobio  A8TBOn6mico  Nacional.— Anuario,  1907. 

T1FLI8,  Physikalisches  Obseryatorium.— Beobachtungen,  1896  and  1898. 

ToKio,  Central  Meteorological  Obseryatory.  —Annual  Eeport,  1897,  part  2 — 
1898,  part  2;  1902,  part  2;  1908,  part  1  ;  1904,  part  1;  1905,  part  1.— Monthly 
Eeport,  Meteorological  Observations  in  Japan,  April  and  May  1906. 

ToKio,  Meteorological  Society  of  Japan.— Journal,  Nov.  1906  to  Sept.  1907. 

Toronto,  Meteorological  Office.— Monthly  Weather  Eeview,  Sept  1906  to 
July  1907. 

Triest,  I.  E.  OssERYATORio  Marittimo.— Eapporto  annuale,  1908. 

Turin,  E,  Osseryatorio  Astronomico. — Osservazioni  meteorologiche,  1905. 

Turin,  SocietI  meteorologica  Italiania.— Bollettino  Bimensuale,  26,  No.  11, 
to  26,  No.  7. 

Upsala,  Obsebyatoire  m<t]£orologique  de  l'Uniyersit^.— Bulletin  Mensuel, 
1906. 

Utrecht,  E.-Nbderlani>8CH  meteorolooisch  Instititut.— Annuaire  1905.— Mede- 
reelingen  en  verhandlingen,  No.  5. — Onweders  in  Nederland,  1904-5. 

Valparaiso,  Seryicio  meteorol6oico. — Anuario,  1905. 

YENEZinEBLA,  Uniyerbidad  CENTRAL. — ^Anales,  7,  No.  3. 

Vienna,  L^imBSSTATiONEN  in  Bosnien-Hbrcegoyina. — Ergebnisse  der  meteoro- 
logisohen  Beobachtungen  im  Jahre  1902-1908. 

Victoria,  Department  of  Agriculture.— Journal,  1907. 

Vienna,  E.-E.  Centralanstalt  fOr  Meteorologie  und  Erdmagnetismus.— 
Beobachtungen,  Dec  1906  to  Sept.  1907. — AUgemeiner  Bericht  und  Chronik  der  im 
Jahre  1904  in  Oesterreich  beobachteten  ErdMben,  No.  1. — Bericht  iiber  die  Inter- 
nationale meteorologische  Direktorenkonferenz  in  Innsbruck,  September  1905. — Jahr- 
buch,  1904-5. 

Vienna,  K.-K.  hydrographischen  Zentral-Bureau.— Jahrbuch,  1904. 

Vienna,  Oesterrichische  Gesellschaft  Ft^R  Meteorologie.— Meteorologische 
Zeitsohrift,  Dec.  1906  to  Nov.  1907. 

Warsaw,  Bureau  MtT^OROLOGiQUE  du  Mus^e.- Okres  "drienny"  temperatury 
powietrza  podczas  nocy  podbiegnnowej,  bv  E.  Merecki. — E6seau  m^t^orologique  de 
Varsovie,  1905.— Sur  la  marche  annuelle  de  I'intensit^  du  rayonnement  solaire  a  Var- 
sovle  et  sur  la  th^orie  des  appareils  employ^. 

Washington,  Carnegie  Institution.— Terrestrial  Magnetism,  11,  part  4,  to  12, 
parts. 

Wabhington,  Hydrographic  Office. — Pilot  Chart  of  the  North  Atlantic  Ocean, 
1907.— Pilot  Chart  of  the  North  Pacific  Ocean,  1907. 

Washington,  Smithsonian  Institution.- Excerpt  papers  from  the  Smithsonian 
Eeport,  Nos.  1670-1674. 

Washington,  Weather  Bureau. — A  first  Eeport  on  the  Eolations  between 
Climates  and  Crops,  by  0.  Abbe.— Climatology  of  the  United  States,  by  A.  J.  Henry. 
—Monthly  Weather  Eeview,  Sept  1906  to  July  1907. 

Watford,  Hertfordshire  Natural  History  Society.— Transactions,  13,  parts  1-2. 

Wellington  College,  Natural  Science  Society.— Eeport,  1906. 

Wellington  (N.Z.),  EEGiSTRAR-GENFJtAL's  Office.— Statistics  of  the  Colony  of 
New  Zealand,  1905. 
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Western  Austbalia,  Agekt-General. — ^Climate  and  Rainfall  of  Western  Aoatralia, 
Aug.  1906  to  Oct.  1907. 

YuRiEF  (Dorpat),  Station  M^TitoROLOOiQUS  de  l'Ecole  Reale. — Observations, 
Deo.  1906. 

Zi-Ea-WeI  ObSERYATOIRE  MAON]ftTIQUE  £T  M^]ftOROLOOIQirE  ET  SISMOLOGIQITB. — 

Bulletin  des  observations,  1904. 

ZoMBA,  Scientific  Department.— Meteorological  Observations,  Sept.  1906  to  Aug. 
1907. 

Zurich,  Schwbizerisohb  mbteorolooiscbe  Central-Anstalt.— Annalen,  1905. 

Presented  by  Individuals, 

Abbe,  C. — Projections  of  the  Globe  appropriate  for  Laboratory  Methods  of  studving 
the  general  Circulation  of  the  Atmosphere.— -The  Progress  of  Science  as  illustrated  by 
the  Development  of  Meteorology. 

Amert,  [the  late]  P.  F.  S. — Rainfall  at  Ashburton,  Forty  Years'  Record. 

Anqot,  (Dr.)  A. — fitiides  sur  le  regime  pluviom^trioue  de  la  M^iterran^e. 

AnqstrOm,  E. — M^thode  nouvelle  pour  I'^tude  de  la  radiation  solaire. — Ueber  die 
Anwendung  der  elektrischen  Kompensationsmethode  zur  Bestlmmung  der  nachtllchen 
Aosstrahlung. 

Arctowbki,  H. — Variations  de  la  vitesse  du  vent  dues  aux  marges  atmosph^rlques. 

Baldwin- Wis  KM  an,  W.  R. — Influence  of  Pressure  and  Porosity  on  the  Motion  of 
sub-surface  Water. — On  the  Flow  of  Underground  Water. 

Bates,  Rev.  D.  C— The  Climate  of  New  Zealand. 

Baxendell,  J. — Meteorological  Observations  at  Southport,  Dec.  1906  to  Nov.  1907. 

Bayard,  F.  C— Annual  Report,  M.O.H.  Surrey  County  Council,  1906. 

Bioos,  [the  late]  J.  W.  H. — Sunshine  in  the  English  Lake  District,  1906,  Comparative 
Table. 

Birkeland,  B.  J. — Neue  Feuchtlgkeltstafeln  fur  das  Psychrometer  unter  dem 
Gefrlerpunkt. 

Bladen,  W.  W.— Annual  Report  North  Staffordshire  Field  Club,  1906-7. 

BoDDAERT,  D. — Misure  macnetiche  nei  dintomi  dl  Torino. 

Bolton,  C.  P.— Waterford  Weather  Report,  1906. 

Brown,  A.,  and  Boobbybr,  (Dr.)  P.— The  Meteorology  of  Nottingham,  1906. 

Carter,  C.  C— Report  of  the  Felsted  School  Scientific  Society,  1906. 

Casella  k  Co. — Anemometers,  Air  Meters,  and  Wind  Direction  Instruments. — Self- 
recording  Instruments  for  Scientific  Engineering  and  Industrial  Purposes. 

Clark,  J.  E.— The  Windrush  at  Biggin. 

Colborne,  H.— Annual  Report,  Meteorological  Observations,  Borough  of  Hastings, 
,  1906. 

Collbnnbte,  a.— Rainfall  of  Guernsey,  1906. — Sunshine  of  Guernsey,  1906. 

CoRBETT,  (Dr.)  D.— Report  on  the  Health  of  the  Borough  of  Kidderminster,  1906. 

CoRDEiRO,  F.  J.  B.— The  Gyroscope. 

CoTrrra,  (Dr.)  F.  J.  H.— County  borough  of  Blackpool,  Meteorology  for  the  year 
1906. 

Dales,  C. — Annual  Meteorological  Report  for  the  County  Borough  of  Bournemouth, 
1906. 

Dixon,  C. — Results  of  Meteorological  Observations  taken  at  Holland  House,  Middle- 
sex, Doc.  1906  to  Nov.  1907  (MS.). 

Dover,  J. — Totlaud  Bay :  Report  of  Meteorological  Observations,  1906. 

Editor.— Ciel  et  Terre,  1907. 

Editor,— Dally  Graphic,  1907. 

Editor.— Electrical  Review,  1907. 

Editor.— Indian  Engineering,  1907. 

Editor. — Journal  of  Horticulture,  1907. 

Editor.— Journal  of  Tropical  Medicine  and  Hygiene,  April  15,  1906. 

Editor.— Nature,  1907. 

Editor. — Observatory,  1907. 

Editor. — Sanitary  Record,  1907. 

Edwards,  C.  W. — Annual  Reports  of  the  Medical  Officer  of  Health,  Borough  and 
Port  of  Lowestoft,  1906. 

Eiffel,  G. — Recherches  exp^rlmen tales  sur  la  r^istance  de  Talr  exdcut^es  k  la 
Tour  Eiffel. 

Ekholm,  (Dr.)  N. — Die  Luftdruckschwankungen  und  deren  Bezlehung  2u  der  Tem- 
peratur  der  oberen  Luftschichten. — Ueber  die  unperiodUchen  Luftdruckschwankungen 
und  elnige  damlt  zusammenhangende  Erscheinungen. 

Eredia,  F.— Deir  influenza  della  catena  degli  Appennini  sulla  dlstribuzlone  della 
pioggia  neU'  Italia  centrale. — Le  precipltazlonl  acquee  nella  Riviera  Ligure. 
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Ebsdia,  F.,  and  Memmo,  6.— Gontributo  alia  climatologia  di  Massaua. 

Fox,  W.  L.  —  Meteorological  and  Magnetical  Tables  and  Reporta,  Falmouth 
Observatory,  1906.  ^ 

F&ASES,  (Dr.)  A.  M.— Report  on  the  Health  of  Portsmouth,  1906. 

Fbuh,  Dr.  J. — ^Wasserhosen  auf  Schweizerseen. 

Gautixb,  R. — ObseryationB  m^t^orologiques  faites  aux  fortifications  de  Saint- 
Maurice,  1904-5.— Rdsum^  m^t^orologique  pour  Geneve  et  le  Grand  St-Bemard,  1905. 

Gltde,  £.  £. — ^Taristock  Meteorological  Summary,  1906. 

Hall,  M.— Third  Report  on  Earthquakes  in  Jamaica.— The  Great  Earthquake  of 
January  14,  1907. 

Haxds,  A« — ^The  Protection  of  Buildings  from  Lightning. 

Hann,  J. — Der  tagliche  Gang  der  Temperatur  in  der  ausseren  Tropenzone. 

Hellmann,  (Dr.)  G.— (Obituary  notice  of),  Wilhelm  von  Bezold. 

Hbpites,  S.  C. — Les  s&heresses  en  Roumanie. 

Hepworth,  M.  W.  0.— Notes  on  Maritime  Meteorology. 

Heywood,  H. — Meteorolc^cal  Observations  in  the  [Cardiff]  Society's  District,  1906. 

HiLDEBBANDSsoN,  (Dr.)  H.  H.,  and  Teisseeeno  de  Bobt,  L.— Les  bases  de  la 
m^t^rologie  dynamique :  historique  ^tat  de  nos  connaissances.     8me  Uvraison. 

Hill,  G.  H.,  k  Sons.— Returns  of  the  Rainfall  in  the  Glasgow,  Manchester, 
Ashton,  Dewsbury,  Stockport,  Halifax,  Blackburn,  Holme  Reservoirs,  Oldham,  and 
Batley  Waterworks  Districts,  1906. 

HooKEB,  R.  H.  — Correlation  of  the  Weather  and  Crops. 

Hoeneb,  D.  W. — Observing  and  Forecasting  the  Weather.  Meteorology  without 
Instruments. 

Hunteb,  J. — Meteorological  Observations  at  Belper,  1907. 

JoDBELL,  Col.  C. — Observations  taken  at  Reaseheath  Hall,  Nantwich,  1906  (MS.). 

Jones,  C.  £.— Water  finding.    The  Mystery  of  the  Divining  Rod. 

Lanoe,  G. — ^The  River  Pilcomayo  from  its  discharge  into  the  River  Paraguay  to 
Parallel  22^  S. 

Labkin,  W.  W. — Borough  of  Scarborough  Weather  Report,  1906. 

Le  Cadet,  G. — Observation  de  I'^lipse  de  soleil  du  14  Janvier  1907.  Variations 
correlatives  des  ph^nomines  m^t^orologiques  k  I'Observatoire  de  Phu-liSn  (Tonkin). 

LoviBOND,  J.  W. — An  Introduction  to  the  Study  of  Colour  Phenomena. 

Maboh,  F.— Borough  of  Torquay,  Meteorological  Report,  1904-1905-1906. 

Mabkham,  C.  A.— Meteorologidil  Report  for  Northamptonshire,  Oct  1906  to  Jan. 
1907. 

Mabshall,  Miss  C. — Rainfall  in  the  Lake  District,  Dec.  1906  to  Nov.  1907. 

Mabtin,  E.  a.— Dew-Ponds. 

Mawley,  K — Meteorological  Observations  at  Roeebank,  Berkhamsted,  Deo.  5, 
1906,  to  Deo.  4,  1907. 

Mellish,  H. — Note  on  an  apparent  secular  Change  in  the  Rothamsted  Drain  Gauges, 
by  E.  J.  Russell.— The  Weather  of  1906  at  Hodsock  Priory,  Worksop.— Weather  Charts 
and  Weather  Forecasts. 

Mebz,  a. — Beitrage  zur  Klimatologie  und  Hydrographie  Mittelamerikas. 

MiDOLEY,  T. — Ajuiual  Report  of  the  Museums  and  Meteorological  Observatory, 
Bolton,  1906. 

Mill,  (Dr.)  H.  R.— British  Rainfall,  1906.— Symons'  Meteorological  Magazine,  1907. 

MooBE,  Sir  J.  W.— The  Climatology  of  Ireland  in  Relation  to  the  Public  Health. 

MossMAN,  R.  0. — ^The  non-instrumental  Meteorology  of  London,  1718-1900  (MS.). 

Nbwbioin,  (Dr.)  M.  I. — ^The  Study  of  the  Weather  as  a  Branch  of  Nature  Know- 
ledge,— The  Swiss  Valais  ;  a  Study  in  Regional  Geography. 

Oboolaoa,  J.  M. — La  prevision  del  tiempo. 

Ottweileb,  E. — Die  Niederschlags-Verhaltnisse  von  Deutsch-SUdwestafrika. 

Pabkaby,  J.  M. — ^Meteorological  Report  for  Albert  Park,  Middlesbrough,  Dec.  1906 
to  Nov.  1907  (MS.). 

Pbeston,  a.  W. — Meteorolopcal  Notes,  1906. 

Rajna,  M. — Esame  di  una  livella  dieftosa  e  metodo  per  correggeme  le  indicazioni. 
— Osservazioni  meteorologiche  dell'  annata  1905. — Sopra  le  dimostrazioni  della  formula 
del  cagnoli  relativa  alia  durata  minima  del  crepusoolo. 

Rawson,  Col.  H.  E. — Anticyclones  and  their  Influence  on  South  African  Weather. 

Rijckvobsel,  (Dr.)  van. — Eonstant  auftretende  secundare  Maxima  und  Minima  in 
dem  jahrlichen  Verlauf  der  meteorologischen  Erscheinungen. 

Robinsov,  T. — Hoy  lake  and  West  Kirby  Urban  District  Council.  Meteorological 
Report  and  Results  of  Observations,  1906. 

RoTCH,  A.  L. — Benjamin  Franklin  and  the  first  Balloons. — Did  Benjamin  Franklin 
fly  his  Electrical  Kite  before  he  invented  the  Lightning  Rod  ? — Results  of  the  Franco- 
American  Expedition  to  explore  the  Atmosphere  in  the  Tropics. — The  International 
Aeronautical  Conference  of  October  1906,  at  Milan. 
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Salle,  O.— Das  Wetter,  1907. 

Saxbt,  a.  C— Annoal  Report  on  the  Meteorology  of  Cheltenham,  1906. — Meteoro- 
logical Report,  1907. 

ScHASFER,  T.  W.— The  Contamination  of  the  Air  of  our  Cities  with  Snlphnr  dioxid 
the  cause  of  Respiratory  Disease. 

SooBLE,  H.  T.— Land  Treatment  of  Sewage. 

Shaw,  (Dr.)  W.  N.— Climate  and  Health. 

Snell,  £.  H.— City  of  Coventry,  Annual  Report  on  the  Health  of  the  City,  1906. 

Spang,  H.  W.— A  Treatise  on  perfect  Railway  Signalling. 

Stilwell,  H. — Returns  of  Rainfall,  etc,  in  Dorset  in  1906. 

Stokes,  J. — Annual  Report  of  the  Meteorology  of  Margate,  1906. 

Stupabt,  R.  p. --The  Climate  of  Yukon  Territory. 

Sutton,  J.  R.— A  Contribution  to  the  Study  of  Evaporation  Arom  Water  Surfaces. 
— ^Variability  of  Temperature  in  South  Africa. — ^The  Diurnal  Variation  of  Barometric 
Pressure. 

Symons,  (Dr.)  W.  H.— Annual  Report  to  the  Bath  Urban  Sanitary  Authority  by  the 
Medical  Officer  of  Health,  1906. — Meteorological  Notes.  Reprinted  for  private  Circula- 
tion from  the  Bath  Health  Reports. 

Ttleb,  W.  F. — ^The  Psycho-physical  Aspect  of  Climate  with  a  Theory  concerning 
Intensities  of  Sensation. 

Waqstaffe,  W.— Report  of  the  Weather,  Sevenoaks,  1906. 

Warry,  (Dr.)  J.  K. — ^Report  on  the  Sanitary  Condition  of  Uie  Hackney  District,  1905. 

Watzof,  Spas. — Bulletm  sismographique  de  I'lnstitut  m^t^rologique  central  de 
Buknurie,  Nos.  1-2. — ^Tremblements  ae  terre  en  Bulffarie,  No.  7. 

^Testman,   J. — Dur6e   et  grandeur  de   I'insobtion   k  Stockholm. — Mesures   de 
Tin  tensity  de  la  radiation  solaire  faites  k  Upsala  en  1901. 

Wetherall,  G.  B.— Weather  in  1906  (at  Worcester). 

Weth  BRILL,  H.  E.— Hygromedry. 

WiLLOOCKS,  Sir  W. — The  Irrigation  of  Mesopotamia. 

Wood,  (Dr.)  O.  B.— A  few  Medical  Notes  on  Sandown,  Isle  of  Wight,  as  a  Health 
Resort  in  Winter. 

Worth,  R.  H.— Twenty-fourth  Report  (Third  Series)  of  the  Committee  on  the 
Climate  of  Devon. 

Wray,  C. — Federated  Malay  States.     Pahang  Admimstretion  Report,  1906. 

Yamashina,  Prince. — Ergebniase  der  meteorologischen  Beobachtungen  auf  dem 
Tsnkubasan,  1902. 

2.  Photographs. 

Greenwood,  H.  B.— Floods  at  Kendal,  Nov.  2,  1898  (4). 
3.  Lantern  Slides. 

Lander,  A.— Lander  and  Smith's  Recording  Instruments  (11). 


Large  Hailstones. 

A  correspondent  to  a  South  African  newspaper  writes : — 
*<0n  the  afternoon  of  December  1,  1907,  we  were  visited  by  a  terrible 
hail-storm  in  the  district  of  Jacobsdal,  the  part  most  afifected  being  Lower  Riet 
river.  Hail  fell  continuonslj  for  about  25  minutes,  and  some  pieces  weighed 
as  much  as  3^  oz.,  and  were  as  large  as  ducks'  eggs.  The  live-stock  did  not 
suffer  very  much,  but  the  plantations  are  largely  destroyed.  On  one  of  the 
fjsrms  a  piece  of  lucerne  in  its  prime  was  beaten  down  so  that  it  almost  re- 
sembled a  field  that  had  just  been  mown.  Elderly  people  say  that  they  have 
never  seen  the  like  in  this  district." 

Hail  Shooting  in  Italy. 

Mons.  A.  Angot,  the  Director  of  the  Bureau  Central  M^t^rologique,  Paris, 
calls  attention  to  a  slight  error  on  pages  25  and  26  in  the  last  number  of  the 
Quarterly  Journal  in  the  Note  on  Hail  Shooting  in  Italy.     He  says : — 

**  The  Casa  Aulagne  di  Monteux  is  not  a  station,  but  a  manufacturing  firm, 
the  house  of  Aulagne  of  Monteux,  which  sells  the  fusees  (rockets  1)  for  shooting 
against  hail,  and  thinks  that  these  fusees  attain  the  height  of  1200  yards; 
which  seems  to  me  extremely  doubtful 

**  In  Italy  they  tried,  after  the  Greinitz  cannons,  the  Aulagne  fusees,  and 
then  Marazzi  bombs." 


Digitized  by 


Google 


PBOCKEDINGS  AT  THE  MEETINGS  OP  THE  SOCIETY  147 

PROCEEDINGS  AT  THE  MEETINGS  OF  THE  SOCIETY. 


Jannary  15,  1908. 

Ordinary  Meeting. 
Dr.   HuQH  RoBBRT  Mill,  Preeident^  in  the  Chair. 

Chables  John  Babkbb,  Hillcroft,  Russell  Hill,  Pnrley  ; 
Eliott  Scarlett  Cubeet,  M.Inst.C.E.,  Fachlwyd  Hall,  Ruthin; 
Rev.  RiOHABD  Pateshall  Danset,  Eentchnrch  Rectorj,  Hereford  ; 
Chables  Edwabd  Jeffebies  Esdailb,  J.P.,  Cothelestone  House,  Taunton  ; 
MuBBAT  T.  FosTEB,  Cullompton,  Devon  ; 
Ebnest  Gold,  M.A.,  3  Devana  Terrace,  Cambridge  ; 
Rev.  Qeobob  Randolph  Hadow,  Wylye  Rectory,  Wilts  ; 
John  Robbbt  Qethin  Jones,  Taly  Cafh,  N.  Wales ; 
John  Jonathan  Eebhode,  62  Dale  Street,  Liverpool ;  and 
Miss  Cobdblia  F.  Mabshall,  Skelwith  Fold,  Ambleside, 
were  balloted  for  and  elected  Fellows  of  the  Society. 


January  15,  1908. 

AnnucU  General  Meeting. 

Dr.  Huoh  Robert  Mill,  President,  in  the  Chair. 

Mr.  E.  H.  S.  Bruce  and  Mr.  H.  N.  Ffarington  were  appointed  Scrutineers 
of  the  ballot  for  the  Council. 

Report  of  the  Council. 

The  Pbbsident  remarked  that  as  everyone  had  received  a  copy  of  the 
Report  of  Council,  he  proposed  that  this  should  be  taken  as  read.  He  therefore 
moved  that  "  The  Report  be  received  and  adopted,  and  that  it  be  printed  in  the 
Qiuirterly  Journal"  The  Report  seemed  to  him  to  be  very  satisfactory.  The 
pulse  of  the  Society  was  generally  taken  to  be  the  number  of  Fellows,  especially 
of  new  Fellows,  as  compared  with  the  number  of  previous  years.  This  year  the 
number  of  Fellows  was  larger  than  ever  before,  and  those  removed  from  the 
Society  for  various  reasons  were  not  so  numerous  as  usuaL  The  Report  set  forth 
the  work  done  during  the  year.  He,  the  President,  would  specially  refer  to  the 
work  done  by  the  Kite  Committee,  which  concerned  itself  with  the  exploration 
of  the  upper  air,  and  the  share  which  the  Society  had  taken  in  forwarding  the 
national  and  international  investigation  of  the  atmosphere  at  points  far  above  the 
surfiice.  This  investigation  had  been  carried  on  in  different  parts  of  the  British 
Isles,  and  the  results  had  occupied  a  good  deal  of  the  attention  of  the  Society 
at  its  recent  Meetings. 

Another  Committee  showing  excellent  work  was  the  Local  Scientific 
Societies'  Committee,  which  had  the  object  of  fostering  the  interest  of  the  public  in 
meteorology  and  improving  the  position  of  meteorological  science  in  this 
country.  An  interesting  feature  was  the  offer  of  three  prizes  to  teachers  in  a 
competition  organised  by  the  Society,  for  the  best  school  lesson  on  climate  or 
weather,  which  had  the  effect  of  directing  a  quite  remarkable  amount  of  public 
attention  to  the  subject.  The  least  satisfactory  item  of  the  Report  was,  perhaps, 
the  stationary  state  of  the  Research  Fund.     There  was  no  increase  in  this  Fund, 
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and  no  draft  had  been  made  upon  it ;  possibly  it  would  increase  more  rapidly 
if  it  were  more  used,  but  its  object  was  being  carried  out  to  a  certain  extent 
by  means  of  other  funds. 

The  President  then  referred  to  the  very  successful  Dinner  which  had  taken 
place  last  year,  and  was,  he  hoped,  the  first  of  a  long  series.  He  went  on  to  say 
that  the  Library  was  unique  and  rapidly  growing.  It  contained  a  remarkable 
collection  of  books  leading  back  to  the  earliest  times,  while  the  Bibliography  of 
Meteorology  was  the  most  extensive  in  the  world.  The  Balance-sheet  was 
favourable,  showing  a  comfortable  sum  in  hand.  There  was,  he  regretted  to  say, 
a  long  list  of  deaths  of  Fellows,  and  especially  of  Honorary  Members. 

Mr.  F.  Campbell  Batard,  in  seconding  the  Resolution,  remarked  that  the 
Prize  Competition  organised  by  the  Local  Scientific  Societies'  Committee  was 
likely  to  prove  a  great  success.  Already  1500  circulars  respecting  it  had  been 
sent  out,  and  the  Competition  was  attracting  an  immense  amount  of  interest 
He,  Mr.  Bayard,  thought  that  special  mention  should  be  made  of  the  death  of 
Admiral  Maclear,  an  old  and  valued  Fellow  of  the  Society. 

The  Resolution  was  adopted.     [The  Report  is  printed  on  p.  113.] 

Thanks  to  thb  Council  and  Auditobs. 

Mr.  A.  Bbewin  moved  :  **  That  the  thanks  of  the  Society  be  given  to  the 
Council  for  their  services  during  the  past  year,  and  also  to  the  Auditors."  He 
said  that  he  did  not  think  any  Society  in  London  had  a  more  hard-working 
Council.  It  was  thanks  to  them  that  the  Society  was  in  the  prosperous  con- 
dition which  the  Report  revealed. 

Capt  A.  Carpbnteb,  in  seconding  the  Resolution,  remarked  on  the  great 
increase  in  the  number  of  Fellows,  for  which  we  were  chiefly  indebted  to  our 
popular  President.  We  took  as  a  matter  of  course  the  work  done  by  the 
Council  as  shown  in  the  Annual  Report,  and  expected  so  much  from  them, 
that  in  view  of  the  advances  made  in  the  navigation  of  the  atmosphere  we  should 
now  expect  them  to  sail  about  over  London  and  decide  Meteorological  problems 
on  the  spot. 

The  Resolution  was  adopted. 

iNSTITCTnON  OF  CiVIL  EnGINBEBS. 

Mr.  F.  Dbucb  proposed  "  That  the  thanks  of  the  Royal  Meteorological  Society 
be  communicated  to  the  President  and  Council  of  the  Institution  of  Civil 
Engineers  for  having  granted  the  Society  free  permission  to  hold  its  Meetings 
in  the  rooms  of  the  Institution.'*  He  remarked  on  the  great  convenience  it  was 
to  have  such  a  room  at  their  disposal,  especially  with  the  present  large  number 
of  FeUows. 

Mr.  J.  E.  Clabk  said  that  it  was  a  pleasure  to  second  a  motion  of  that  kind, 
and  they  must  all  appreciate  the  goodness  of  the  Institution  of  Civil  Engineers 
in  entertaining  them  for  so  many  years.  He  had  been  wondering  how  long  the 
Society  had  enjoyed  the  Institution's  hospitality,  and  had  found  that  it  dated 
back  to  the  time  when  Robert  Stephenson  was  the  President  of  the  Royal 
Meteorological  Society,  and  obtained  for  them  this  very  generous  assistance  for 
meteorology.  With  the  present  large  number  of  Fellows,  and  so  rapid  an 
increase,  the  importance  of  having  such  a  room  became  more  and  more  obvious. 

The  Pbesident,  in  putting  the  motion  to  the  Meeting,  remarked  that  he 
always  felt  that,  thanks  to  the  kindness  of  the  Institution,  they  had  the  finest 
meeting  room  in  London. 

The  Resolution  was  adopted. 
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Presentation  of  the  Simons  Memorial  Gold  Medal. 

The  President  said  that  he  now  approached  what  was  the  pleasantest  part 
of  his  duties,  because  it  was  to  render  a  tribute  at  the  same  time  to  one  of  the 
most  distinguished  of  modern  meteorologists,  and  to  the  memory  of  his  great 
.predecessor  in  that  chair,  and  in  other  work,  Mr.  G.  J.  Symons.  They  were 
aware  that  the  Gold  Medal  was  established  in  memory  of  Mr.  Symons,  and  was 
awarded  every  alternate  year  by  the  Society  to  a  meteorologist  for  the  work  he 
had  done  in  advancing  the  science.  On  the  first  occasion  the  Medal  was  awarded 
to  the  late  Dr.  Alexander  Buchan ;  on  the  second,  to  the  fiEtmous  Austrian 
meteorologist.  Dr.  J.  Hann  ;  on  the  third,  to  Sir  Richard  Strachey  ;  and  on  this 
the  fourth  occasion,  the  name  of  the  recipient  and  the  nature  of  his  work  would 
appear  in  an  extract  from  the  Council  Minutes  which  the  Secretary  would  now 
read. 

The  Seoretart,  Mr.  H.  Mellish,  then  read  the  following  extract  from  the 
Minutes  of  the  Council  Meeting,  dated  October  16,  1907  : — 

*'It  was  resolved  that  the  Symons  Memorial  Gold  Medal  for  1908  be 
awarded  to  Monsieur  L^on  Teisserenc  de  Sort  for  distinguished  work  done  in 
connection  with  meteorological  science. 

"L^N  Teisserenc  de  Bort  commenced  his  scientific  work  in  1878  as 
a  member  of  the  staff  of  the  Bureau  Central  M^t^orologique  de  France.  From 
1880  to  1892  he  was  chief  of  the  department  of  General  Meteorology.  He 
resigned  his  appointment  in  1892  in  order  to  devote  himself  to  experimental 
research  in  meteorology.  In  1896  he  founded  an  Observatory  for  the  study 
of  Dynamical  Meteorology  at  Trappes,  which  has  become  famous  for  the 
boldness  of  its  enterprise  and  the  success  of  its  methods  in  the  study  of  the 
upper  air. 

"M.  Teisserenc  de  Bort  has  also  organised  and  directed  for  special 
purposes  in  connection  with  that  study,  schemes  for  exploration  of  the  upper 
air  in  Denmark  and  Lapland,  on  the  Cattegat,  and  the  Zuyder  Zee.  He  has 
transformed  a  Hull  fish-carrier  into  a  floating  meteorological  observatory,  which 
under  the  name  of  the  yacht  Otaria  has  carried  out — partly  with  the  assistance  of 
Professor  Rotch— extensive  researches  in  the  Mediterranean  and  over  the  inter- 
tropical belt  of  the  Atlantic  Ocean. 

"His  earlier  published  papers  include  a  me^etic  survey  of  parts  of 
Algeria,  Tunis,  and  the  Sahara,  undertaken  during  his  periods  of  leave  while 
still  attached  to  the  Bureau  Central  And  while  head  of  the  department,  he 
contributed  sixteen  papers  on  the  general  circulation  of  the  atmosphere ;  the 
distribution  of  the  meteorological  elements  over  the  globe,  and  their  mutual 
relations ;  and  the  distribution  of  barometric  pressure  at  different  levels.  In 
this  connection  it  is  sufficient  to  mention  the  introduction  of  the  idea  of 
<<  centres  of  action  of  the  atmosphere '' ;  the  relation  of  the  anomalies  of 
temperature  and  pressure  ;  the  charts  of  isobars  for  4000  metres  level,  showing 
general  cyclonic  circulation  round  each  pole  above  the  irregularities  of  the 
surface ;  and  the  analysis  of  vertical  motion  in  cyclones  and  anticyclones, — as 
important  general  results  that  constitute  definite  advances  in  our  knowledge  of 
the  meteorology  of  the  globe. 

"But  M.  Teisserenc  de  Bort  is  best  known  for  his  work  upon  the  upper 
air  by  means  of  ballons-sondes  and  kites.  The  equipment  used  was  designed 
and  constructed  at  Trappes,  and  the  results  obtained  have  added  largely  to  our 
knowledge  of  the  upper  air.  The  establishment  of  the  existence  of  the 
so-called  isothermal  layer  at  a  height  of  about  ten  kilometres  is  largely  due 
to  the  work  of  the  Observatory.  The  identification  of  the  return  anti-trade 
above  the   North-east  trade-wind ;    the  structure  of  the  intervening  layer  ; 
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and  the  comparison  of  the  temperatures  in  the  highest  layers  in  variooB 
latitudes,  which  apparently  show  a  gradient  of  temperature  from  the  pole 
to  the  equator,  instead  of  one,  as  might  be  expected,  in  the  opposite  direction, 
— are  scientific  achievements  of  M.  Teisserenc  de  Bort^  in  collaboration,  as 
regards  some  parts  of  the  work,  with  colleagues  of  various  countries. 

''With  Professor  Hildebrandsson,  M.  Teisserenc  de  Sort  has  recently 
completed  a  historical  treatise  upon  Dynamical  Meteorology.  The  advances 
made  in  that  subject  by  his  personal  exertions  and  at  his  own  charges  must 
always  remain  for  future  historians  among  the  most  original  achievements  of 
the  present  generation." 

Thb  Pbesidbnt,  addressing  M.  Teisserenc  de  Bort,  said  : — 

"  M.  Teisserenc  de  Bort,  I  feel  that  there  is  a  special  appropriateness  in 
giving  this  Medal  to  you.  If  Mr  Symons'  life  teaches  us  anything — and  it 
teaches  much — it  is  that  the  enthusiastic  perseverance  of  an  individual  with  a 
definite  aim  in  view  can  often  accomplish  work  which  would  be  difficult  for 
any  public  department  to  carry  out  officially.  Like  Mr.  Symons,  you  entered 
the  meteorological  service  of  your  country,  and  like  him,  you  left  it  in  order  to 
pursue  a  definite  line  of  research  in  a  particular  direction  which  had  previously 
been  neglected.  Your  conspicuous  success  claims  in  this  country,  more  perhaps 
than  in  other  countries,  a  special  meed  of  praise,  because  here  we  are  in  the 
habit  of  seeing  great  results  accrue  from  individual  effort  in  scientific  and  public 
life  ;  and  when  we  see  the  same  spirit  animating  the  people  of  other  countries 
and  leading  to  such  results  as  you  have  achieved,  our  hearts  glow  with  the 
warmest  appreciation.  And  it  is  extremely  gratifying  that  we  have  within  our 
reach  the  means  of  expressing  this  feeling.  It  is  indeed  fitting  that  the  Medal 
awarded  largely  for  work  done  by  free  balloons  should  go  to  a  countryman 
of  the  great  pioneer  Montgolfier.  We  feel  a  special  satisfaction,  also,  that  this 
Medal  goes  to  a  citizen  of  the  country  which  is  our  nearest  neighbour  on  the 
Continent,  and,  amongst  all  the  friendly  nations  of  the  world,  one  which  we 
hold  the  friendliest.  It  is  to  me,  as  a  Scotsman,  an  additional  gratification  to 
claim  that  nation  as  an  ancient  ally  of  my  country,  and  the  fact  that  the  feeling, 
historical  in  the  north,  is  now  shared  by  the  whole  United  Kingdom,  is  surely 
one  of  the  best  tributes  to  that  subordination  of  national  boundaries  to 
international  unity  which  finds  its  best  expression  in  the  brotherhood  of  men 
of  science  throughout  the  world.  I  hand  you  the  Symons  Memorial  Gk)ld 
Medal  with  our  heartiest  good  wishes." 

M.  Tbisbbreno  db  Bobt  said :  ''  Ladies  and  gentlemen,  I  am  very  sorry 
that  I  am  not  able  to  speak  English  fluently  in  order  to  express  to  the 
President  and  the  Fellows  of  the  Royal  Meteorological  Society  my  best  thanks 
for  the  great  honour  done  me  by  the  award  of  the  Symons  Qold  Medal.  I 
therefore  ask  you  to  allow  me  to  speak  in  French. 

"  Je  suis  particuli&rement  sensible  h.  cette  distinction,  d'autant  plus  que  des 
liens  de  longue  amiti^  me  rattachaient  h.  Q.  J.  Symons  dont  je  fis  la  connaissance 
personnelle  au  Congr&s  m^t^rologique  de  1878.  J'avais  annueUement  le 
plaisir  de  me  retrouver  avec  lui  et  nous  6tions  en  correspondance  assez 
rdgulifere. 

"Au  moment  de  TExposition  de  1889,  oil  il  s4Jouma  assez  longtemps  i 
Paris,  il  se  prdoccupait  d'un  probleme  qui  fixe  depuis  quelques  ann^es,  d'une 
mani^re  particuli^re,  Tattention  des  m^t^rologistes  et  qui  consiste  k  determiner 
la  liaison  entre  les  divers  ph^nom^nes  qui  accompagnent  les  orages  et  les  grains, 
tonnerre,  pluie,  vent,  grMe,  etc. 

''L'appareil  qu'il  inventa  k  ce  sujet,  le  brontom^tre,  permet  k  Tobservateur 
de  determiner  exactement  le  temps  auquel  commence  ou  finit  un  ph^nom^ne 
donn^. 

*'  La  commission  d'^tude  du  Krakatoa,  pr^sid^e  par  Symons,  fit  faire  un  grand 
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Quart.  Joum.  Roy.  Met.  Soc.  vol.  34,  PI.  2. 
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pas  hi  la  connaissance  de  la  circulation  g^^rale  de  I'atmosph^re  en  d^montrant 
Tezistence  d'un  couiant  E.O.  au-desana  des  regions  4quatorialea  juBqn'^  une 
tr&s  grande  hauteur  et  meaurant  aa  yitease  par  le  d^placement  dea  cendrea  du 
Yolcan. 

'*  Ainai  Symona  qui  avait  d^j4  cr^^  en  Angleterre  cet  admirable  aervice  de  la 
meaure  de  la  pluie,  d'une  si  grande  utility, — et  avait  au  le  faire  vivre  par  dea 
reaaourcea  priv^, — donna  auasi  une  notable  partie  de  aon  tempa  h  F^tude 
de  Tatmosph^re  dans  sea  mouvementa  g^n^raux. 

"  Au  moment  oh  I'^tude  de  Tatmoaph^re  libre  prend  une  ai  grande  extension, 
comme  noua  le  rappelait  ai  bien  Mr.  le  Pr^ident  dana  aon  diacoura,  noua  devona 
regretter  encore  plua  que  G.  J.  Symona  ne  aoit  plus  au  milieu  de  noua  pour 
participer  k  cea  rechercbea  si  captivantea. 

**  Permettez-moi  de  voua  ezprimer  de  nouveau  toua  mea  remerciementa  pour  la 
belle  m^aille  qui  vient  de  m'Stre  donn^e  et  qui  porte  en  effigie  un  excellent 
portrait  de  G.  J.  Symona.  Ceat  une  diatinction  dont  je  aena  tout  le  prix  ;  en 
mSme  tempa  cet  objet  pr^cieuae  ^voquera  en  moi  le  aonvenir  d'une  pr^cieuse 
amiti^." 

[A  portrait  of  Monsieur  L4on  Teisserenc  de  Bort  is  given  on  Plate  IL] 


PBBSiBEsrr's  Address. 

The  President  then  delivered  an  Address  on  "  Map-Studies  of  Bainfiall " 
(p.  65). 

Dr.  W.  N.  Shaw,  in  proposing  that  *'  the  thanks  of  the  Society  be  given  to 
Dr.  Mill  for  his  services  as  President  and  for  his  Address,  and  that  he  be 
requested  to  allow  it  to  be  printed  in  the  QuarUrly  Jowmal,*'  remarked  that 
Dr.  Mill  had  anticipated  the  latter  part  of  the  resolution  by  intimating  that  he 
would  give  permission  for  the  Address  to  be  printed  in  the  Qtta/rUrly  Journal. 
As  regards  the  former  part,  he,  Dr.  Shaw,  trusted  that  Dr.  Mill  would  allow 
him  to  include  the  Addreas  among  the  aervicea  of  the  Preaident^  for  he  thought 
the  Addieaa  could  be  regarded  as  one  of  the  greatest  of  theae  aervicea.  Dr.  Mill 
was  much  to  be  congratulated  on  his  year  of  office  :  there  was,  firsts  the  remark- 
able increase  in  the  number  of  Fellows ;  secondly,  the  development  of  the 
investigation  of  the  upper  air,  appropriately  represented  by  M.  Teiaaerenc  de 
Bort'a  preaence  that  evening ;  and,  thirdly,  the  remarkably  intereating  Addreas 
they  had  just  heard. 

He  would  like  to  touch  on  two  points  in  the  Address.  Dr.  Mill  proposed 
to  regard  the  shower  as  a  unit  for  the  study  of  rainfall,  thereby  associating 
himself  with  workers  in  other  branches  of  the  subject  The  closer  investigation 
of  the  shower  promised  to  be  a  starting-point  of  very  important  work  in 
dynamical  meteorology  as  well  as  in  rainfall.  Then  he  wished  to  emphasise 
the  enormous  advantage  of  coloured  jnapa,  which  had  been  proved  so  conspicuously 
during  the  Address.  Perhaps  Dr.  Mill  would  tell  them  how  to  get  reproductions 
of  maps  printed  in  colour,  in  such  a  way  as  to  form  illustrations  in  the  Joymdl 
as  effective  and  satisfactory  as  the  maps  shown  on  the  wall. 

Mr.  W.  H.  Dikes  seconded  the  Resolution. 
The  Resolution  was  adopted. 

The  President,  in  reply,  said  that  with  regard  to  the  coloured  maps  no 
difficulty  need  arise  except  with  the  Exchequer.  He  thanked  them  very  much 
for  their  reception  of  his  Address,  for  the  silent  attention  with  which  they  had 
listened  to  it^  and  for  the  generous  applause  with  which  the  Resolution  had  been 
carried. 
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Election  of  Counoil. 
The  Sorutikeers  then  declared  the  following  to  be  the  Council  for  |the 
ensuing  year : — 

President. 

HuoH  Robert  Mill,  D.Sc.,  LL.D.,  F.R.S.E.,  F.R.G.S. 

Vice-Presidents. 

Richard  Bentley,  F.LS.,  F.R.O.S. 
William.  Henrt  Dines,  B.A,,  F.R.S. 
Edward  Mawlet,  F.R.H.S. 
WiLLDLM  Napier  Shaw,  M.A,,  D.Sc.,  F.R.S. 

Treasurer. 
Charles  Theodore  Williams,  M.A.,  M.D.,  F.R.C.P.,  M.V.O. 

Secretaries. 

Francis  Campbell  Batard,  LL.M. 
Henrt  Mbllish,  D.L.,  J.P.,  F.R.G.S. 

Foreign  Seceetart. 
Robert  Henry  Scott,  M.A.,  D.Sc.,  F.R.S. 

Councillors. 

Walter  Wiujam  Bryant,  B.A.,  F.R.A.S. 

Capt.  Warren  Frederick  Caborne,  C.R,  F.RG.S.,  F.RA.S. 

Capt  Maurice  Harvey  Clarke,  F.R.A.S.,  F.RG.S. 

Richard  Henry  Curtis. 

Henry  Newton  Dickson,  M.A.,  D.Sc,  F.R.S.E.,  F.RG.S. 

Francis  Druce,  M.A.,  F.RG.S. 

William  Ellis,  F.RS.,  F.R.A.S. 

Capt.  Melville  Willis  Campbell  Hepworth,  C.B.,  F.RA.S. 

Richard  Inwards,  F.R.A.S. 

Baldwin  Latham,  M.Inst.C.E.,  F.G.S. 

Rudolf  Gustav  Karl  Lempfert,  M.A. 

Capt.  David  Wilson-Barker,  F.RS.E.,  F.RG.S. 


February  19,  1908. 

Ordinary  Meeting. 
Dr.  Hugh  Robert  Mill,  Piesident,  in  the  Chair. 

Md.  Mufazzal  Hoosein,  Camp  Sibsagarh,  AjBsam ; 
Percy  Richard  Jameson,  98  Clerkenwell  Road,  KC. ; 
Georqe  Robert  Jebb,  M.In8t.C.E.,  Great  Barr,  Binningham ; 
Capt  James  Robert  Rae,  73  Caledonia  Road,  Saltcoats,  N.B. ; 
Sriram  Venkata  Subba  Setti,  B.A.,  Chikmagahur,  Mysore ; 
Capt.  Henry  Strong,  Union-Castle  Co.,  Fenchurch  Street,  E.C. 
OoTAVius  Thomas,  Pentre,  Rhondda,  Glam. ; 
John  Wrench  Towsb,  Sunnydene,  Bicklej; 
Frank  Woolnouqh,  Museum,  Ipswich ;  and 
John  Howie  Wyue,  Heath  House,  Woking, 
were  balloted  for  and  elected  Fellows  of  the  Society. 
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Thb  Pbesidbnt  said  that  before  proceeding  to  the  ordinary  busineasy  it  was 
his  melancholy  duty  to  record  the  deaths  of  several  distinguished  members  of 
the  Society.  These  losses  had  been  particularly  numerous  lately  among  the 
Honorary  Members.  They  had  now  to  deplore  the  death  of  Monsieur  A. 
Lancaster,  the  head  of  the  Meteorological  Service  of  Belgium,  and  there  were 
four  vacancies  in  the  list  of  Honorary  Members.  General  Sir  Richard  Strachey, 
who  had  received  the  Symons  Memorial  Qold  Medal  in  1906,  had  ended  his 
long  and  brilliant  career.  Both  the  British  holders  of  this  Medal  were  now  no 
more.  The  varied  contributions  to  Meteorological  Science  by  Sir  Richard 
Strachey  had  been  brought  so  fully  before  the  Society  in  1906,  that  it  was 
unnecessary  to  dilate  upon  them  now ;  but  he  must  give  expression  to  their  deep 
regret  at  the  passing  of  so  magnificent  a  veteran. 

He  wished  to  refer  to  several  points  in  the  activity  of  the  Society.  One 
was  that  no  less  than  180  Essays  had  been  received  in  response  to  the  Society's 
request  to  teachers  to  submit  specimen  lessons  on  Meteorology.  The  extremely 
laborious  task  of  going  through  these  had  been  commenced,  and  it  was  hoped 
that  the  result  might  soon  be  announced.  There  was  to  be  a  meeting  of 
meteorologists  of  the  British  Empire  in  May  at  Ottawa,  which  would  be  the 
first  attempt  made  to  unite  the  meteorologists  of  the  Empire  in  conference.  An 
invitation  had  been  received  from  the  Royal  Society  of  Canada  to  send  a 
delegate.  The  time  of  year  selected  made  it  difficult  for  many  meteorologists 
to  get  away  from  their  more  immediate  duties,  but  the  Society  hoped  that 
Dr.  Shaw  would  act  as  its  representative  to  convey  their  good  wishes. 

The  President  concluded  by  remarking  that  the  next  Meeting  of  the  Society 
would  take  place  on  the  11th  instead  of  the  18th  of  March,  when  their  .dis- 
tinguished Honorary  Member,  Professor  Hellman,  would  give  them  a  lecture  on 
the  '^  Dawn  of  Meteorology."  Most  of  them  were  aware  that  Dr.  Hellmann  had 
last  visited  them  on  the  occasion  of  their  Jubilee ;  he  was  a  fluent  English 
speaker,  and  he — the  President — ^trusted  all  the  Fellows  would  unite  in  making 
the  meeting  one  of  the  largest  and  most  successful  ever  held  by  the  Society. 

The  following  communications  were  read : — 

1.  "Formation  of  SNOw-RoLLBRa."     By  Charlbs  Browett  (p.  87). 

2.  "CoifPARisoN  OF  Ships'  Barometer  Readings  with  those  deduced 
FROM  Land  Observations."     By  Ernest  Gold,  M.A.,  F.R.Met.Soc.  (p.  97). 


CORRESPONDENCE  AND  NOTES. 

Lectures  on  Meteorology. 

Mr.  W.  Marriott  has  recently  given  lectures  on  meteorological  subjects,  in 
connection  with  the  Society's  scheme  for  diffusing  a  knowledge  of  Meteorology, 
at  the  following  places:  January  29,  Charterhouse,  Godalming;  March  6, 
Reading  School,  Reading. 

Prize  Competition  for  Tea.cher8. 

The  Council  of  the  Royal  Meteorological  Society  have  considered  the 
Reports  of  the  Examiners  on  the  Essays  on  "  Climate  or  Weather,"  which  were 
sent  in  by  elementary  teachers  for  the  prize  competition  mentioned  on  p.  65  of 
the  last  Na  of  the  Qiiarterly  Journal,  and  have  made  the  following  awards : — 

la  Prizey  £6,  W.  C.  Upshall,  Broughton,  Stockbridge. 

Sni  Prize,  £3,  Miss  A.  B.  Phillips,  34  Blythe  Hill,  Catford. 

Zrd  Prize,  £2,  Albert  V.  Stevenson,  St  Paul's  School,  Sunderland. 
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Extra  Priaes,  £l  each — John  Young,  Barrock  School,  bj  Wick ;  Henry 
Collar,  Lavender  Hill  School,  Clapham  Junction. 

In  addition  to  the  above,  the  following  prizes  have  been  awarded  for  EsBaye 
sent  in  by  Pupil  Teachers : — 

l8t  Prize^  £1,  Arnold  £.  Tinn,  28  Macaulay  Road,  Birkby,  Huddersfleld. 

2nd  Pr%a[e,  lOa.,  Miss  Daisy  £.  James,  Church  House,  Wokingham. 

Meteorological  Work  at  the  Baddiife  Observatory,  Oxford,  1907. 

The  usual  meteorological  observations  and  automatic  registrations  have 
been  maintained,  and  the  results  forwarded  regularly  as  heretofore  to  the 
Meteorological  Office  (by  daily  telegram),  the  Begiatrar-General,  the  Thames 
Conservancy,  the  Metropolitan  Water  Board,  local  newspapers,  to  public  and 
sanitary  authorities,  and  numerous  private  inquirers. 

During  the  year  1907  the  five  underground  platinum  thermometers  were 
read  daily.  Observations  made  with  these  thermometers  have  been  carried  on 
without  interruption  since  November  1,  1898,  but  it  is  intended  to  discontinue 
their  regular  use  at  the  end  of  1909.  At  the  request  of  the  Director  of  the 
Meteorological  Office,  daily  comparisons  have  been  made  between  the  platinum 
thermometers  and  two  ordinary  mercurial  thermometers  of  Symons's  underground 
pattern  at  depths  of  6  ins.  and  3  ft.  6  ins. 

All  the  automatic  instruments  have  worked  well  during  the  year. 

The  following  are  the  chief  characteristics  of  the  weather  noted  at  Oxford 
during  the  year  1907  : — 

The  mean  reading  of  the  barometer  (reduced  to  32"  F.)  was  29*737  in&, 
which  is  0*010  in.  higher  than  the  mean  for  the  preceding  62  years.  The 
highest  reading,  30*626  ins.,  occurred  on  January  23  ;  the  lowest  was  28*571 
ins.  on  December  13. 

The  mean  temperature  of  the  air  for  the  year  was  48''*7,  or  0*'*2  below  the 
mean  for  the  preening  79  years.  The  maximum  temperature  was  reached  on 
May  12,  viz.  78**5,  and  the  minimum  20''*2  on  January  25.  The  lowest 
reading  of  the  thermometer  exposed  on  the  grass  was  12**-7  on  February  3. 

The  differences  of  the  mean  monthly  temperatures  from  the  corresponding 
means  for  the  preceding  79  years  are 

Jan.     +0*2  May  -o'-S  Sept.  +1*1 

Feb.     -1*9  June  -8*6  Oct.  +1*1 

Mar.    +2-6  July  -8*8  Nov.  +1*5 

April   -0*4  Aug.  -1*2  Deo.  +2*0 

Bright  sunshine  was  recorded  during  1432  hours,  or  32  hours  less  than  the 
mean  for  the  preceding  26  years.  The  monthly  differences  from  the  mean  are 
indicated  in  the  following  table : — 

hrs. 
Jan.  +25 
Feb.  +25 
Mar.  +74 
April    -17 

Rainfall  on  the  ground  amounted  to  27*024  ins.,  a  total  which  is  0*997  in. 
above  the  average  for  the  preceding  92  years. 

The  number  of  ''rainy  days''  {Le,  0*010  in.  and  over)  was  155. 

The  divergences  of  the  monthly  totals  from  the  corresponding  mean  values 
for  the  previous  92  years  were 

ins.  ins. 

May     +0-863  Sept  -1*874 

June     +0*637  Oct.  +2*493 

July     +0*838  Nov.  -0*099 

Aug.     -1*100  Dec.  +1*880 


hra. 

hrs. 

May 

-57 

Sept.    +21 

June 

-61 

Oct     +  1 

July 

-86 

Nov.    +  2 

Aug. 

-   9 

Deo,     -  1 

ins. ' 

Jan. 

-1-849 

Feb. 

-0-504 

Mar. 

-0*789 

April 

+  0*506 
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A  fine  display  of  auiora  borealis  was  observed  on  Febrnarj  9. 

On  January  21,  1907,  Mr.  K  E.  M'Clellan,  who  had  held  the  post  of  third 
assistant  since  1892,  died  rather  suddenly.  His  connection  with  meteorology 
was  a  long  one.  Previously  to  his  appointment  at  Oxford  he  had  served  for  12 
years  in  the  magnetical  and  meteorological  department  of  the  Royal  Observatory, 
Greenwich.  He  was  an  accurate  observer  and  a  good  computer,  possessing  also 
considerable  skill  in  photography. — ^Abthub  A.  Rahbaut,  Radcliffe  Observer, 
March  2,  1908. 

Tropical  and  Sub-Tropical  Gydones  in  North-West  of  Madagascar. 

For  some  years  past  the  number  of  cyclones  north-west  of  Madagascar  has 
considerably  increased. 

So  far  as  I  am  aware,  no  tropical  cyclones  have  ever  been  recorded  in  the 
Cosmoledo  and  Aldabra  groups.  The  only  record  of  a  cyclone  northward  of 
this  latitude  and  at  an  earlier  date  is  that  which  visited  the  Seychelles  groups 
45  years  ago  (October  1862). 

Mr.  James  Spurs,  formerly  lessee  of  these  islands,  once  told  me  that  a  cyclone 
visited  these  islands  some  20  years  ago  ;  but  no  sufficient  information  could  be 
obtained  from  him  to  prove  that  it  was  a  cyclone,  as  he  himself  was  absent 
from  the  island  at  the  time.  There  were  only  some  fishermen  on  the  island, 
and  not  one  amongst  them  could  note  phenomena  during  a  storm.  But 
according  to  the  scanty  information  which  Mr.  Spurs  related  to  me,  and 
which  he  had  gathered  from  his  fishermen,  I  quite  agree  with  our  old  island 
meteorologist  that  this  was  a  cyclone  that  curved  south-eastward  of  Aldabra 
island  early  in  the  month  of  October. 

To  my  knowledge  the  most  northern  limit  where  cyclones,  northward  of 
Madagascar,  curved  was  over  the  islands  of  Farquhar  and  Qlorieuse,  and  they 
very  often  caused  great  damages  to  property. 

The  cyclone  which  visited  Astore,  Cosmoledo,  and  Aldabra  islands  on 
November  2  and  3,  1907,  was  an  unprecedented  one  for  these  islands,  with 
r^;ard  to  time  of  the  year,  the  direction  and  force  of  the  wind,  and  the 
suddenness,  rapidity,  and  extent  of  changes  which  took  place. 

According  to  the  information  gathered  from  the  manager  of  these  islands, 
it  appeared  that  the  weather  had  been  threatening  since  the  preceding  day 
with  sinister  aspect  Towards  the  afternoon  on  November  2  the  wind  blew  in 
sudden  gusts  from  southward,  with  high,  tempestuous  sea,  and  there  were  loud 
thunder  and  vivid  lightning  at  timea  At  midnight  the  wind  increased  violently, 
and  veered  from  South  to  South-west  Thunder  continued  at  frequent  intervals 
in  the  south,  south-west,  overhead,  and  north-west,  with  blinding  lightning  ;  and 
the  roaring  of  the  waves  over  the  surf  was  something  frightful.  Towards  the 
morning,  on  November  3,  the  wind  veered  to  West  and  North-west,  where  it 
remained  steady  and  blew  a  hurricane  of  much  violence. 

During  that  time  Astore  and  Cosmoledo  islands  were  devastated  by  that 
tempestuous  foul  weather. 

Heavy  rainfall,  accompanied  by  wind  and  sea,  flooded  the  cocoa-nut  plantations 
in  the  lagoon  at  Astore,  the  opening  of  the  lagoon  being  in  the  south-western 
part  of  the  island ;  and  so,  when  the  wind  veered  to  the  South-west  and  West^ 
enormous  quantities  of  water  were  sent  into  the  lagoon.  Signs  of  the  flood  can 
still  be  seen  at  a  distance  of  100  yards  from  the  beach,  in  the  lagoon,  right  in 
the  plantations. 

Most  of  the  bigger  cocoa-nut  trees  on  Astore  and  Cosmoledo  islands  were 
blown  down  by  this  terrible  hurricane.  The  inhabitants  suffered  much  during 
this  dreadful  time. 

All  the  houses  were  blown  down  ;  the  manager's  house  at  Cosmoledo  was 
shifted  to  a  distance  of  about  18  feet  from  west  to  east,  the  roof  of  the  house 
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was  carried  away  to  a  distance  of  about  a  quarter  of  a  mile  by  the  strength  of 
the  Westerly  wind.  Some  of  the  labourers'  huts  have  never  been  seen  again. 
Numbers  of  corrugated  iron  sheets  were  seen  flying  in  the  air  like  birds, 
cutting  down  small  trees  here  and  there  like  sharp  axes,  and  have  never  been 
picked  up  again,  having  been  blown  right  out  into  the  sea. 

At  Aldabra  the  same  weather  was  experienced,  but  not  so  foul,  the  wind 
blowing  in  the  same  direction  and  force  as  at  Astore  and  Cosmoledo,  but  no 
rain,  thunder,  or  lightning  was  observed ;  only  the  weather  was  dark  and 
gloomy,  all  indicative  of  an  advancing  storm.  There  was  a  barometer  on  the 
island,  and  Mr.  Sauzier,  the  manager,  told  me  that  it  fell  to  a  little  over  29*60 
ins.,  when  the  wind  was  blowing  at  its  strongest  from  West  to  North-west, 
and  steady.  Towards  the  afternoon,  on  November  3,  the  conditions  were 
more  promising,  wind  and  sea  abating,  and  there  was  appearance  of  better 
weather. 

Correct  observations  could  not  be  obtained,  as  there  were  no  instruments 
available  on  the  island  for  the  purpose  of  recording  meteorological  observations. 

According  to  the  information  received  this  was  a  cyclone,  with  all  the 
characteristics  of  a  small  diameter,  and  the  centre  must  have  passed  southward 
of  Astore  and  Cosmoledo  islands. — Capt  R.  Paroou,  Victoria,  Seychelles. 

Scintillation  and  Rippling  of  Distant  Lights. — I  was  at  Brighton  from 
March  12  to  20,  1908,  and  made  the  following  observations  on  the  scintillation 
of  the  lights  at  Worthing  as  seen  from  Brighton  for  comparison  with  those  by 
Mr.  Marriott  in  the  Quarterly  Journal^  24,  p.  60. 


Time. 

March  12,   8  p.m. 

»  »  10  „ 

„  18,   8  ,, 

i»  ti     '■^  it 

If  14,    8  ,, 

t»  »}   1"  i> 

„  15,   8  „ 

»  „   10  „ 

„  16,    8  „ 

tt  »}    10  I, 

,,  17,    8  ,, 

i»  }i    1^  II 
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Lights  steady. 
Lights  invLBible. 
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undulating  rapidly. 
Lights  invisible. 

II 
Lights  steady. 


It  would  appear  that  an  off-shore  breeze,  or  the  absence  of  any  breeze,  is 
unfavourable  to  the  phenomenon. — Spbnceb  C.  Russell,  Epsom,  Surrey. 

Exciting  Balloon  Adventure. 

The  Hon.  Mrs.  Assheton  Harbord  has  given  in  The  Times  the  following 
interesting  account  of  a  recent  balloon  voyage  across  the  Channel  to  France : — 

"  I  left  Battersea  Gasworks  in  my  balloon,  the  Valkyrie,  60,000  cubic  feet, 
at  9.45  on  Friday  night,  January  31,  to  make  an  attempt  to  win  the  Northcliffe 
Challenge  Cup  for  the  longest  distance  travelled  during  the  present  year.  Mr. 
J.  F.  Pollock  accompanied  me  as  pilot,  thia  being  his  seventh  crossing  and  my 
third.  We  had  considerable  difficulty  in  getting  away  owing  to  the  high  wind 
that  prevailed  ;  but  taking  advantage  of  a  momentary  lull  we  cleared  a  very 
high  gasometer  and  went  straight  up  to  a  height  of  2500  ft.  We  took  with  us 
17  45-lb.  bags  of  ballast,  four  of  which  we  used  in  the  first  three-quarters  of  an 
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hour.  At  10.30  the  Valkyrie  encoimtered  a  violent  squall,  which  oaused  the 
car  to  sway  to  such  an  extent  that  we  had  to  hold  on  to  avoid  being  thrown 
out.  We  sighted  the  coast  at  10  minutes  to  11,  and  left  it  at  11.7,  an  hour  and 
20  minutes  &om  the  time  of  starting  from  Battersea.  We  were  then  at  a  height 
of  3700  ft.  The  night  was  very  dark,  but  we  gathered  from  the  bend  of  the 
coast  that  we  were  leaving  the  land  to  the  right  of  Dungeness.  In  the  middle 
of  the  Channel  we  could  see  the  revolving  lights  on  both  coasts ;  and  recognising 
Boulogne,  we  concluded  that  we  were  passing  over  the  French  coast  near  Le 
Touquet,  which  we  afterwards  found  to  be  correct.  We  sighted  the  land  at 
11.20,  and  reached  the  coast  at  two  minutes  to  12  at  a  height  of  3700  ft.,  the 
crossing  having  taken  51  minutes.  The  sea  crossing  was  the  quietest  and  the 
most  uneventful  part  of  the  voyage,  for  at  1.30  we  experienced  strong  vertical 
currents  which  made  the  balloon  shoot  up  very  rapidly,  and  when  it  encountered 
a  downward  vertical  current  it  fell  with  great  speed,  making  a  continuous  dis- 
charge of  ballast  necessary.  There  was  a  good  deal  of  sheet  lightning,  and  the 
atmospheric  conditions  were  very  curious.  The  car  hoop  and  neck  of  the 
balloon  seemed  illuminated  as  if  by  electric  light,  which,  when  I  rubbed  it, 
made  my  glove  appear  alight  At  2  o'clock  we  encountered  a  terrific  snow> 
storm,  which  covered  us  and  half  filled  the  balloon,  which  was  considerably 
affected  by  the  extra  weight  thus  thrown  upon  it.  Subsequently  we  again 
found  ourselves  rising  very  rapidly,  and  after  attaining  an  altitude  of  8000  ft 
we  discovered  that  we  were  falling  equally  rapidly.  The  discharge  of  five  bags 
of  ballast  in  four  minutes  had  no  effect  in  checking  the  descent,  and  suddenly  at 
a  height  of  1500  ft  the  bottom  of  the  car  crashed  down  on  something  with 
great  force.  The  trail  rope  then  began  catching  in  everything  it  could  find, 
giving  the  car  very  violent  jerks.  We  were  dashing  along  at  a  terrific  speed, 
and  the  night  was  so  dark  that  I  could  scarcely  distinguish  Mr.  Pollock,  the 
roaring  of  the  wind  combined  with  the  heavy  snow  making  us  extremely 
anxious,  as  the  last  bag  of  ballast  had  not  the  slightest  effect  on  the  balloon ; 
and  having  only  three  bags  left,  we  realised  there  was  no  alternative  but  to  make 
a  descent)  and  chance  where  we  should  land,  as  we  were  completely  enveloped  in 
darkness.  So  Mr.  Pollock  opened  the  valve,  while  I  crouched  low  down  in  the 
car,  feeling  rather  thrilled  at  what  might  happen.  Down  we  crashed  with  great 
force  straight  into  some  trees.  Mr.  Pollock  ripped  at  once,  but  the  wind  carried 
us  up  again,  and  down  we  came  with  the  basket  overturned.  Mr.  Pollock 
shouted  outj  *  Are  you  in  ? '  and  I  called  back,  *  Yes,'  for  I  was  holding  on  for 
all  I  knew,  the  violent  encounters  with  the  trees  making  it  very  difficult  to 
avoid  being  thrown  out.  At  last  a  tree  caught  the  envelope,  causing  a  large 
tear,  which,  combined  with  the  rip,  brought  us  to  a  standstill.  After  we  had 
collected  our  senses  we  got  out  and  found  we  were  in  a  dense  forest,  far  away 
from  any  habitation.  There  was  nothing  for  it  but  to  wait  till  dawn,  and  con- 
jecture what  country  we  had  descended  in.  At  about  6  it  became  light,  so  we 
started  off  to  get  out  of  the  forest,  and  after  half  an  hour's  walking  we  found 
ourselves  on  a  main  road,  along  which  we  walked  for  an  hour.  At  last  we  dis- 
covered a  man  cutting  tree8,whom  we  hailed,  and  discovered  from  him  we  had 
descended  in  the  department  of  the  Meuse  near  the  small  village  of  Haudiomont. 
We  made  him  walk  back  with  us  to  show  him  where  we  had  descended,  and  he 
promised  to  return  with  a  cart,  which  he  did  in  three  hours.  In  the  meantime 
we  had  been  discovered  by  more  wood-cutters,  who  set  to  work  to  help  us,  and 
with  their  assistance  we  packed  up  the  balloon.  The  envelope  being  high 
above  us  on  the  trees  it  was  with  much  difficulty  we  got  it  down,  and  also  the 
trail  ,rope,  which  was  stretched  far  away  on  the  tree-tops.  We  also  had  to  collect 
various  pieces  of  the  balloon  envelope,  which  we  discovered  hanging  from 
branches,  on  one  of  which  we  found  the  feed  pipe,  which  had  been  entirely  torn 
off.     Unluckily  we  smashed  all  our  instruments,  the  first  crash  quite  settling  the 
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statoflcope.  The  drive  of  ten  kilomHiee  to  Verdun  took  eight  houn,  as  the 
horses  went  at  a  snail's  pace,  and  a  remarkably  cold  drive  it  was  in  a  bitterly  cold 
wind.  If  we  could  possibly  have  weathered  the  storm  we  could  have  had  a 
tremendously  long  run,  but  there  was  no  alternative  for  us  under  the  circum- 
stances but  to  descend.  A  great  deal  was  due  to  Mr.  Pollock  for  his  presence 
of  mind  and  quick  action  when  every  minute  was  of  the  utmost  importance,  for 
it  takes  a  good  deal  of  nerve  to  make  a  descent  in  a  pitch-dark  night  without 
the  faintest  idea  of  what  one  will  land  on.  It  was  a  thrilling  experience,  and, 
though  the  distance  accomplished  will,  no  doubt,  soon  be  beaten,  it  was  a  very 
sporting  run,  and  one  always  to  be  remembered." 

Bftinfan  of  the  Atlas  Lands. 

The  most  complete  study  yet  made  of  the  precipitation  conditions  of  North- 
West  Africa  (Morocco,  Algeria,  and  Tunis)  is  that  of  Dr.  Earl  Knoch,  which 
appears  in  the  JahresbericM  of  the  Frankfurt  Association  for  Qeography  and 
Statistics  (17  Jahrgang,  Frankfurt  am  Main,  1907).  It  occupies  86  pages, 
and  embodies  in  a  generalised  form  all  the  data  on  the  subject  at  present  avail- 
able. For  Algeria,  and  in  a  less  degree  for  Tunis,  they  are  fedrly  extensive, 
and  some  of  the  series  of  observations  extend  over  a  considerable  number  of 
years.  For  Morocco  the  case  is  different,  though  observations  have  been  made 
at  certain  stations  within  recent  years,  while  a  general  discussion  of  the  climate 
has  been  supplied  by  Dr.  Theobald  Fischer,  to  whom  Dr.  Elnoch  owes  the 
suggestion  which  led  him  to  undertake  the  present  work.  After  some  pre- 
liminary matter  the  author  proceeds  to  discuss  the  distribution  of  the  rain- 
fall in  space  and  time.  The  most  striking  fact  is  the  great  variation  between 
different  parts  of  the  region.  As  regards  the  former,  it  may  be  said  that,  taken 
as  a  whole,  the  rainfall  diminishes  from  the  coast  to  the  interior,  and  also  from 
east  to  west,  the  most  rainy  region  of  all  being  that  of  the  highlands  of  northern 
Tunis,  though  most  of  the  Algerian  Tell  is  well  supplied.  An  exception  to 
this  general  rule  is  formed  by  the  Atlas  of  Morocco,  where  naturally  the  rainfall 
again  shows  a  marked  increase,  after  falling  to  a  low  figure  over  the  outer 
plateau.  Taken  as  a  whole  the  Atlas  region  falls  within  the  realm  of  winter 
rainfall,  with  dry  or  almost  dry  summer,  though  this  does  not  hold  good  beyond 
a  limited  distance  from  the  coast  The  summer  drought  is  especially 
pronounced  along  the  whole  coast  of  Algeria  and  Tunis.  On  an  average,  the 
largest  amount  of  rain  falls  in  January  in  western  Algeria  ;  but  farther  east,  in 
December. 

In  Morocco  the  distribution  seems  to  be  somewhat  different,  so  far  as  can 
be  judged  from  the  still  scanty  data.  In  the  south  there  is  a  small  amount  of 
rain  even  in  July  and  August,  the  driest  mouths  (the  most  rainy  month  being 
November),  while  farther  south  they  are  quite  rainless.  In  this  direction  the 
amount  of  winter  rain  also  shows  a  relative  diminution.  In  Mogador,  t,g.^ 
there  is  a  subordinate  maximum  in  March,  beside  the  main  maximum  in 
December.  With  the  increase  in  height  as  we  go  inland  the  summer  drought 
is  moderated,  while  throughout  the  whole  interior  the  spring  is  the  most  rainy 
season. 

A  section  of  the  paper  deals  with  the  water-supply  of  the  rivers,  which 
varies  greatly  in  different  parts  of  the  region  and  at  different  times  of  the  year. 
Most  of  the  rivers  reach  a  very  low  level  during  the  summer  drought  unless 
they  are  fed  from  the  region  of  spring  rainfall  or  from  melting  snows.  Morocco, 
owing  to  the  greater  height  of  the  Atlas  towards  the  west,  is  more  favourably 
placed  than  Algeria  or  Tunis  in  this  respect.  Another  instructive  section  is 
devoted  to  a  consideration  of  the  relations  of  vegetation  to  rainfall,  and  this  is 
further  illustrated  by  a  vegetation  map  on  tracing  paper,  which  can  be  placed 
over  the  rainfall  map.     The  fact  that  no  regular  cultivation  is  possible  where 
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the  predpitation  is  less  than  400  mm.  (16*7  ins.)  is  clearly  brought  out  A 
series  of  tables  gives  the  rainfall  statistics  for  a  large  number  of  stations,  show- 
ing inUr  alia  both  the  mean  amounts  and  the  percentages  of  the  yearly  total  for 
each  month  and  season. — Geographical  Journal,  December  1907. 

Movnt  Weather  ObBervatoiy. 

The  U.S.  Weather  Bureau  during  the  last  few  years  has  founded  and 
equipped  the  Mount  Weather  Observatory,  which  is  specifically  devoted  to 
research  work.  It  is  1725  feet  above  sea-level,  and  is  located  in  Virginia,  on 
the  top  of  the  Blue  Bidge  Mountains,  some  20  miles  south  of  Harper's  Ferry 
and  47  miles  in  a  direct  line  from  Washington.  It  is  only  6  miles  from 
Bluemont,  the  nearest  railway  station,  and  is  easily  reached  from  that  point 
along  an  excellent  mountain  road.  It  overlooks  to  the  west  the  entire 
Shenandoah  Valley  from  Strasburg  to  Harper's  Ferry,  while  to  the  east  all  that 
portion  of  Piedmont  Virginia  between  the  Blue  Ridge  and  the  Bull  Run 
Mountains  is  in  full  view.  This  extensive  sweep  of  valleys,  mountains,  and 
plains  affords  rare  opportunities  for  the  study  of  storm  formation  and  action. 
This  location  is  satisfactory  for  the  physical  laboratory  and  for  the  magnetic 
observatories.  For  solar  work  it  is  as  well  adapted  as  any  place  east  of  the 
Rocky  Mountains ;  while  for  the  study  of  the  upper  air  it  is  peculiarly  well 
situated,  since  kite  flights  can  be  obtained  there  almost  daily  through  the  entire 
year. 

The  BuUdin  of  the  Mount  Weather  Observatory,  which  will  be  published 
quarterly,  will  contain  more  or  less  detailed  accounts  of  the  researches  conducted 
at  that  place.  The  first  number  has  just  been  issued,  and  contains  two  papers, 
viz. :  (1)  <'  The  Methods  and  Apparatus  used  in  obtaining  Upper  Air  Observa- 
tions at  Mount  Weather,"  by  Dr.  W.  R  Blair;  and  (2)  "The  Use  of  Upper  Air 
Data  in  Weather  Forecasting,"  by  Prof.  A,  J.  Henry  (see  below). 

The  Use  of  Upper  Air  Data  in  Weather  Forecastiiig. 

ProL  A.  J.  Henry,  who  is  one  of  the  forecasters  of  the  United  States 
Weather  Bureau,  during  the  summer  of  1907  had  the  opportunity  of  comparing 
upper  air  conditions  as  obtained  by  kite  flights  at  Mount  Weather,  Va.,  with 
the  general  meteorological  conditions  over  the  eastern  part  of  the  United  States, 
as  ^own  by  the  8  a.m.  daily  weather  map.  The  general  conclusions  which 
he  believes  may  be  drawn  from  the  data  thus  far  collected,  are  the  following : — 
(1)  The  air  column  in  the  "low"  is  warmer  than  in  the  "high"  for  such 
altitudes  as  were  reached  by  the  kites ;  (2)  the  region  of  greatest  cold  is  found 
in  the  south-eastern  quadrant  of  the  "  high  "  ;  (3)  as  the  centre  of  the  '*  high  " 
crosses  the  meridian  of  the  station,  and  passes  to  the  eastward,  the  temperature 
conditions  aloft  become  more  or  less  unstable,  inversions  take  place,  and  the 
rate  of  decrease  of  temperature  with  increase  of  altitude  diminishes. 

Occasionally  in  the  kite  flights  layers  of  air  are  met  having  temperatures 
higher  than  those  found  in  layers  of  less  altitude ;  in  other  words,  the  vertical 
gradient  is  interrupted,  and  instead  of  a  fall  in  temperature  with  increase  in 
altitude  a  rise  is  found.  Such  breaks  in  the  continuity  of  the  vertical  tempera- 
ture gradient  are  known  as  inversions. 

Temperature  inversions  may  be  classed  as  follows :  First,  those  which  occur 
in  the  rear  of  a  "  low "  or  on  the  immediate  eastern  front  of  a  "  high."  In- 
versions in  this  region  are  thought  to  be  due  to  the  circumstance  that  the 
warm  surface  layers  of  the  "  low  "  feel  the  cooling  effect  of  the  "  high  "  a  little 
sooner  than  the  layers  at  some  distance  aloft  This  assumption  follows  the 
suggestion  of  Mr.  Helm  Clayton,  of  the  Blue  Hill  Observatory,  viz.,  that  the 
cold  air  of  the  northern  portion  of  the  "  high  "  moves  more  rapidly  east-south- 
east than  does  the  '^  high "  itself,  and  that,  on  account  of  its  greater  specific 
weight  as  compared  with   that  of  the  air  into  which  it  is  moving,  it  sinks 
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toward  the  earth's  surface  in  an  inclined  stratum  which  reaches  the  ground 
in  the  rear  of  the  *'  low."  This  type  of  inversion  has  little  or  no  significance 
to  the  foirecaster,  since,  ordinarily,  cooling  in  the  rear  of  the  "  low "  proceeds 
until  the  upper  layers,  within  the  limits  of  observation  at  least,  acquire  a 
temperature  nearly  such  as  is  required  by  the  adiabatic  rate  of  cooling  for  dry 
air. 

A  second  type  of  inversion  is  met  when  the  kites  pass  from  one  current  of 
air  into  another  having  a  different  temperature.  The  existence  of  a  current 
of  warm  air  flowing  along  and  above  a  colder  one  is  revealed  in  this  way. 
Inversions  of  this  nature  sometimes  afiford  early  indications  of  the  approach  of 
warmer  conditions  at  the  surface.  The  difficulty  in  properly  applying  this 
information  at  present  lies  in  the  fact  that  the  horizontal  extension  of  the 
warmer  current  is  unknown. 

The  rate  of  decrease  of  temperature  with  increase  of  altitude  is  almost 
constantly  changing,  being  generally  different  in  the  forenoon  from  what  it  is 
in  the  afternoon.  The  sequence  of  changes  in  this  element  in  its  relation  to 
the  drift  of  "  highs "  and  "  lows "  appears  to  be  about  as  follows : — In  the 
region  of  cold,  dry  winds,  which  is  foilnd  on  the  eastern  front  of  a  "  high," 
it  approaches  closely  to  the  adiabatic  rate  for  dry  air,  viz.,  1"  F.  in  186  ft, 
or  l"*  C.  in  100  metrea  From  this  rate,  which  is  maximum,  it  begins  to 
diminish  with  the  shift  of  the  winds  to  an  Easterly  quarter,  and  the  consequent 
increase  in  their  moisture  content  The  rate  in  rainy  weather  is  rather 
variable,  sometimes  almost  zero  up  to  a  height  of  nearly  a  mile,  and  again 
being  much  greater.  The  rate  of  decrease  most  frequently  observed  was  about 
Z^'-b  F.  per  1000  ft,  or  O^'B  C.  per  100  metres.  The  forecasting  value  of  this 
phenomenon  (the  vertical  temperature  gradient)  is  not  yet  understood. 

Meteorology  in  the  Antarctic. 

Dr.  W.  S.  Bruce  has  received  word  that  the  Uruguay  has  returned  from 
Scotia  Bay,  South  Orkneys,  bringing  with  her  the  party  from  the  Meteorological 
Station  on  that  island,  and  having  left  behind  the  relief  party  to  continue  the 
work  for  another  year.  This  relief  party  was  on  the  Audraly  which  was 
wrecked,  but  the  party  was  immediately  transferred  to  the  Uruguay,  which 
accomplished  the  journey  in  safety. — Scottith  Oeographical  Magazine,  April  1908. 


RECENT  PUBLICATIONS. 

Airships  Past  and  Presmt,  Together  toith  Chapters  on  the  Use  of  Balloons  in 
connection  with  Meteorology,  Photography,  and  the  Carrier  Pigeon,  By 
A.  HiLDEBRANDT,  Captain  and  Instructor  in  the  Prussian  Balloon 
Corps.  Translated  by  W.  H.  Story.  London:  Archibald 
Constable  and  Co.     1908.     8vo.     16  +  364  pp.  and  plate. 

This  work  gives  in  an  interesting  manner  a  survey  of  the  development  of 
the  art  of  ballooning  from  the  earliest  times.  The  author  was  a  member  of 
the  International  Commission,  which  was  appointed  to  consider  matters 
connected  with  the  application  of  ballooning  to  scientific  ends,  and  he  has 
worked  with  Prof.  Assmann  and  Prof.  Hergesell.  He  is  able  to  speak  from 
personal  knowledge  of  what  has  been  done  by  means  of  balloons  and  also  by 
kites  to  investigate  the  upper  atmosphere. 

The  work  contains  more  than  two  hundred  illustrations,  many  of  which 
are  of  meteorological  interest. 
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Meteorological  Atlas  of  the  Indian  Seas  and  the  North  Indian  Ocean.  A 
Series  of  Weather  Charts  with  descriptive  Text>  prepared  chiefly 
by  W.  L.  Dallas  of  the  Meteorological  Department  of  the  Gk)vem- 
ment  of  India,  under  the  dii*ection  of  QiLBERT  T.  Walker,  M.A., 
D.Sc.,  F.E.S.,  Director-General  of  Observatories  in  India.  1908. 
Messrs.  John  Bartholomew  and  Co.,  Edinburgh.    Size  15x12  inches. 

This  Atlas  consists  of  thirty-six  charts,  which  are  printed  in  colours.  The 
first  twelve  charts  show  for  each  month  the  average  conditions  of  atmospheric 
pressure,  the  direction  and  force  of  the  normal  winds,  and  the  sea-currents. 
Opposite  each  month  short  descriptive  remarks  are  given,  drawing  attention  to 
the  changes  which  have  occurred  in  the  weather  since  the  preceding  month, 
and  to  the  most  marked  meteorological  features  of  the  month  under  review. 

The  nine  charts  which  follow  show  the  ordinary  tracks  of  storms  over  the 
Arabian  Sea  and  the  Bay  of  Bengal  for  each  of  the  stormy  months  of  the  year, 
and  a  short  account  of  the  principal  features  of  the  tracks  of  storms  in  the 
different  months  is  given  in  the  text. 

The  last  fifteen  charts  of  the  Atlas  exhibit  the  conditions  prevailing  over 
the  Arabian  Sea  and  the  Bay  of  Bengal  during  the  existence  of  typical  storms 
of  those  seas.  These  charts  not  only  show  the  movements  of  the  selected  etorms 
over  the  sea-area  from  day  to  day,  but  exhibit  the  winds  and  weather  actually 
recorded  by  ships  traversing  the  Indian  seas  during  the  existence  of  the  storms, 
and  also  the  areas  over  which  the  storm  influence  extended. 

Meteorological  Charts  of  the  Southern  Ocean  between  the  Cape  of  Good  Hope 
and  New  Zealand.  Second  Edition.  Published  by  the  Authority 
of  the  Meteorological  Committee.     Official  No.  123.    London,  1907. 

These  charts  were  originally  issued  in  1899,  and  were  noticed  in  the 
Quarterly  Journal,  1900,  26,  p.  283. 

In  this  second  edition  the  scale  of  the  Wind,  Barometer,  Air  Temperature, 
and  Fog  charts  have  been  reduced,  as  well  as  that  of  the  charts  of  the  Sea- 
Temperature  Isothermals,  to  make  the  publication  more  handy.  On  the  other 
hand,  the  scale  of  the  current  charts  has  been  slightly  increased,  and  charts 
have  been  added  to  show  the  distribution  of  ice.  The  work  has  been  carried 
out  under  the  superintendence  of  Capt  Hepworth,  Marine  Superintendent 

Scottish  National  Antarctic  Expedition.  Report  on  the  Scientific  Results  of 
the  Voyage  of  s.y.  ''Scotia"  during  the  Years  1902,  1903,  and  1904, 
tm&?-  the  leadership  of  William  S.  Bruce,  LL.D.,  F.E.S.K  Volume 
IL     Physics.     Edinburgh,  1907.     4to.     324  pp.  and  plates. 

This  volume  is  devoted  almost  entirely  to  the  meteorological  results  of 
the  expedition,  which  were  in  the  capable  hands  of  Mr.  R.  C.  Mossman.  The 
observations  are  given  in  extenso :  (1)  Those  taken  at  sea ;  (2)  at  Scotia  Bay, 
April  1  to  October  31,  1903 ;  (3)  at  Omond  House,  Laurie  Island,  South 
Orkneys,  November  1,  1903,  to  February  21, 1904  ;  and  (4)  at  Cape  Pembroke, 
Falkland  Islands,  1903-1904. 

Mr.  Mossman  gives  a  full  discussion  of  the  whole  of  these  observations, 
and  the  results  are  shown  graphically  in  a  number  of  coloured  diagrams. 

Part  II.  contains  a  discussion  of  the  magnetic  observations  by  Dr.  C.  Chiee 
and  Mr.  R.  C.  Mossman. 

Part  III.  contains  a  brief  report  by  Sir  G.  H.  Darwin  on  the  tidal 
observations. 
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METEOROLOGICAL  LITERATURE. 

The  foUovring  titles  of  papers  bearing  on  Meteorology  have  been 
selected  from  the  contents  of  some  of  the  periodicals  and  serials  which 
have  been  received  in  the  Library  of  the  Royal  Meteorological  Society. 
This  is  not  a  complete  list  of  all  the  published  meteorological  articles,  but 
only  shows  those  that  appear  to  be  of  more  general  interest. 

Akerblom,  F. — Recherches  siir  les  conranta  lea  plus  baa  de  ratmosph^re  aa-deasus  de 
Paris.     Nova  Ada  lUgiac  Soc,  Sdttii, ,  Upsala,  Ser.  4,  8,  1908.    No.  2. 

Bell,  H. — ^Thunderatorma  at  the  Ben  Nevis  Obeervatoriea  and  on  the  Scottiah  Coaata. 
J.  Scot,  Met.  Soc.,  Edinburgh,  14,  1907  (119-183). 

Bentley,  W.  A.— Studioa  of  Frost  and  Ice  Crystala.  Monthly  Weather  Rev. ,  Washington^ 
85,  1907  (397-403,  439-444). 

B6880IL,  L. — Comparaison  dea  obaervationa  actinom^triqaea  faites  en  divera  pointa  de  la 
France  et  en  Belgique  pendant  le  moia  de  aeptembre  1907.  Ann.  Soc  M4t. 
France,  Paris,  55,  1907  (213-215). 

Bigelow,  F.  H.— Studies  on  the  Vorticea  in  the  Atmoaphere  of  the  Earth.  Monthly 
Weather  Jtev.,  Washington,  85,  1907  (464-480). 

Blair,  W.  B. — ^The  Methoda  and  Apparatua  used  in  obtaining  Upper  Air  Observations 
at  Mount  Weather,  Ya.  Bull.  Mount  Weather  Obs.,  Trashingtan,  1,  1908  (12-57 
and  12  pL). 

Boeddicker,  O.— Black  Rain  in  Ireland,  October  8-9,  1907.  Symons'  Meteor.  Mag., 
London,  48,  1908  (2-4). 

Bdmstein,  B. — Die  Fbrderuug  der  Wettervorhersagung  durch  das  Beobachten  kleiner 
Luftballons.      Wetter,  Berlin,  25,  1908  (2-6). 

Brodie,  F.  J. — ^The  Weather  of  January  1908.  Synums*^  Meteor,  Mag.,  London,  48, 
1908  (17-18). 

Briiokinaim,  W.— Das  Yektorazimut  beim  Beginn  magnetischer  Stomngen.  Meteor. 
ZeiU.,  Brunswick,  24,  1907  (546-548). 

Bruhnes,  B. — Snr  I'enregistrement  des  courants  tellnriques  au  Puy  de  Ddme  et  la 
perturbation  magn^tique  de  9  au  10  f(^vrier  1907.  Ann.  Soc  M6t.  France,  Paris, 
55.  1907  (181-182). 

Clayton,  H.  H. — The  Lagging  of  Temperature  Changes  at  great  Heights  behind  those 
at  the  Earth's  Surface,  and  Types  of  Pressure  Changes  at  different  Levels. 
Monthly  Weather  Bev.,  Washington,  85,  1907  (457-468). 

CcsnrdeTaohe,  P. — Pluie  h  Perpignan  suivant  la  position  des  hautes  pressions.  Ann. 
Soc  Ma.  France,  Paris,  55,  1908  (208-206). 

Dnfoiir,  C. — Sur  le  depouillement  et  la  determination  de  la  correction  des  enregistreurs. 
Ann.  Soc  M4t.  France,  Paris,  55,  1907  (218-221). 

Dnrand-Gx^YiUe,  E. — La  relation  du  centre  de  la  depression  avec  la  ligne  de  grain. 
Ann.  Soc.  Mit.  France,  Paris,  55,  1907  (201-202). 

Ellis,  W. — Greenwich  Air  Temperature.  Symons^  Meteor.  Mag.,  London,  42,  1907 
(211-214  and  pi.). 

GkMkel,  A. — Uber  den  lonengehalt  der  Atmosphare.  Meteor.  Zeits.,  Brunswick,  85, 
1908  (9-19). 

€k)atereaa,  C. — Pluies  et  inondations  en  octobre  1907.  Ann.  Soc  M4t.  France,  Paris, 
55,  1907  (215-218). 

Hann,  J. — Der  tagliche  Gang  der  Temperatur  in  der  ausseren  Tropenzone.  B.  Das 
indische  und  australische  Tropengebiet.  Reprinted  from  Denks.  der  math.- 
natur.  Kl.  der  K.  Acad,  der  Wissen.,  Vienna,  81,  1907  (93). 

Hann,  J. — Ergebnisse  der  meteorologischen  Beobachtungen  am  Atna  Observatorium. 
Temperatur  und  Luftdruckgradienten  in  3.  km.  Seehohe  zwischen  87**  und  47' 
N.  Br.     Meteor.  Zeits.,  Brunswick,  24,  1907  (529-534). 

Henry,  A.  J. — The  Use  of  Upper  Air  Data  in  Weather  Forecasting.  Bull.  Mount 
Weather  Obs.,  Washitigton,  1,  1908  (68-63  and  3  pi.). 


Digitized  by 


Google 


METEOROLOGICAL  LITERATURE  163 

Jaariach,  P. — Zur  Theorie  der  Luftdruckschwankungen  auf  Grnnd  der  hydrodjDami- 
schen  Gleichangen  in  spharischen  Eoordinaten.  Meteor.  Zeits.,  Brunswick^  24, 
1907  (481-498). 

Klengel,  F. — Die  Niederschlagsyerhaltnisse  yon  Deutsch  -  SUdwestafrika.  Wetter^ 
Berlin,  84,  1907  (253-255) ;  20,  1908  (13-17,  36-40). 

KOppen,  W. — Die  Windrichtang  in  800  Draohenaufstiegen  und  44  ''Abreissern"  bei 
Hamburg,  1903-1906.     Ann.  d.  Hydrog.  u.  marU.  Met.,  Berlin,  86,  1908  (49-63). 

Lancaster,  A. — Discours  pronono^  aaz  fun^railles  de  M.  A.  Lancaster,  par  MM.  Monrlon, 
Goedseels,  J.  Vincent,  G.  Lecointe,  et  £.  Lagrange,  del  et  Terre,  Brussels,  28, 
1907-8  (677-589). 

Lempfert,  L.  O.  K.— The  Daily  Weather  Report    J.  Scot.  Met.  Soc.,  Edinburgh,  14, 

1907  (184-140). 
Llndemann,  A. — Mittlere,  grosste  und  kleinste  Monats-  und  Jahressummen  des  Nieder- 

Bchlags,  1866-1905.     Wetter,  Berlin,  24,  1907  (265-272). 

Lockyer,  W.  J.  S.— Multiple  Lightning  Flashes.     Knowledge,  London,  4, 1907  (241-244). 

Lodge,  Sir  O. — Fog  and  its  Mitigation.  The  Times,  Engineering  Supplement,  London, 
Jan.  29,  1908. 

Ifarchand,  E. — Observations  du  courant  tellurique  sur  la  ligne  t^l^graphique  de 
robservatoire  du  Pic  du  Midi.    Ann,  Soc  M4t.  France,  Paris,  60,  1907  (183-186). 

Warchand,  £.,  and  Bmhnet,  B.--Comparai8on  des  courants  telluriques  au  Puy  de  Ddme 
et  au  Pic  du  Midi.     Ann.  Soc.  Ma.  France,  Paris,  55,  1907  (186-188). 

Marriott,  W.— Notes  on  Meteorology.  Knowledge,  London,  4,  1907  (283-284),  6,  1908 
(16-17;  40-41). 

(Marriott,  W.  J.) — Schools  and  the  Weather.  How  Children  might  be  taught  to 
Study  the  Weather.     Daily  Express,  London,  Dec.  20,  1907. 

Meddng,  L. — Die  Treibeiserscheinungen  bei  Neufundland  in  ihrer  Abhangigkeit  von 
WitterungsYerhaltnissen.  Ann.  d.  Uydrog.  u.  marit.  Met.,  Berlin,  86,  1907 
(396^409  and  pi.). 

Meiasner,  O. — Konnen  Luftdruckschwankungen  den  Erdboden  deformieren?  Wetter, 
Berlin,  24,  1907  (258-263). 

Meiaanar,  O. — Zur  Berechnung  des  Tagesmittels  der  Temperatur  aus  den  beiden 
Eztremen.     Wetter,  Berlin,  24,  1907  (282-286). 

Meissner,  O.—Der  Elnflass  der  Windrichtung  auf  die  Bewolkung  in  Potsdam  (1894- 
1900).      Wetter,  Berlin,  25,  1908  (9-13). 

Memorial  Notices  of  Alexander  Buchan,  M.A.,  LL.D.,  F.R.S.  By  Sir  Arthur  Mitchell, 
K.C.B. ;  J.  G.  M*Kendrick ;  Sir  John  Murray,  K.C.B. ;  R.  T.  Omond,  J.  Hann, 
W.  N.  Shaw,  and  H.  R.  MUL     J.  Sea.  Met.  Soc.,  Edinburgh,  14,  1907  (101-118). 

Meteorological  Service  in  Jamaica.     Symons*  Met.  Mag.,  London,  42,  1907  (231-232). 

Mill,  H.  B.— The  Rainfall  of  last  Year  [1907].     The  Times,  London,  Jan.  17,  1908. 

Mill,  H.  B.— The  Rainfall  of  1907.    Symons*  Met.  Mag.,  London,  42,  1907  (229-230). 

Moore,  W.  L.— The  Origin  and  the  Purpose  of  the  Mount  Weather  Observatory.  Bull. 
Mount  Weather  Obs.,  Washington,  1,  1908  (7-11). 

Monreanx,  T. — ^Nouvelles  determinations  magn^tiques  dans  la  region  du  bassin  de  Paris. 
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Naasen,  F.— On  North  Polar  Problems.     Geog.  J.,  London,  30,  1907  (585-597). 
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Monthly  Weather  Bev.,  Washington,  85,  1907  (450-452). 

Osthoif,  H.— Streifenwolken.    Meteor.  Zeits.,  Brunsvnck,  24,  1907  (534-540). 

Peppier,  W. — Die  Schwankungsgebiete  des  Luftdrucks.  Wetter,  Berlin,  24,  1907, 
(248-258). 
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THE  ANTICYCLONIC  BELT  OF  THE  SOUTHERN  HEMISPHERE 

By  Colonel  H.  E.  RAWSON,  C.B.,  R.E.,  RRMetSoc. 

[Read  April  15,  1908.] 

Three  years  spent  up  and  down  South  Africa  during  the  late  war, 
followed  by  another  period  of  almost  the  same  length,  during  which  I 
travelled  through  the  whole  of  the  country  fron  the  Cape  to  the  Zambesi, 
as  well  as  from  Durban  to  Beira,  have  made  me  acquainted  with  the 
physical  features  of  this  vast  sub-continent,  and  enabled  me  to  study  the 
control  which  the  southern  anticyclonic  belt  exercises  over  its  climate. 
From  our  President  on  his  return  from  his  visit  with  the  British  Association 
in  1905  the  Society  received  a  general  description  of  the  country  from  a 
meteorologist's  point  of  view.^  For  the  visit  of  the  Association  Mr.  C.  M. 
Stewart,  Secretary  of  the  Meteorological  Commission,  Cape  Colony,  had 
specially  prepared  an  article  upon  the  Meteorology  of  South  Africa,^  and 
had  brought  together  a  great  deal  of  valuable  information  regarding  its 
rainfall  and  prevailing  winds  to  assist  in  the  discussion  of  its  climate. 

Barometric  observations  were  commenced  at  the  Cape  Observatory  in 
April  1841,  and  at  Durban  in  1873,  and  from  these  monthly  means 
reduced  to  32°  sea-level  and  45*"  lat.  have  been  compiled  and  published 
in  the  Annual  Report  for  1905  of  the  South  African  Association  for  the 
Advancement  of  Science.^  In  these  recent  publications,  in  the  annual 
Reports  published  by  the  Observatories  of  the  Cape,  Durban,  Edmberley, 
and  Johannesburg,  with  instrumental  or  eye  observations  from  several 
hundreds  of  observers,  and  in  the  many  valuable  isobaric  charts  which 
deal  with  the  oceans  adjoining  South  Africa,  a  very  large  amount  of 
information  regarding  South  African  weather  has  been  collected  since  1841 

^  Quarterly  Jour,  Roy.  Met.  Soc,  July  1906,  "South  Africa  as  seen  by  a  Meteorologist 
in  1906,"  by  H.  R  MiU,  D.Sc. 

2  Science  in  South  Africa^  1906,  "  The  Meteorology  of  South  Africa,"  by  Chas.  M. 
Stewart 

*  Report  S.  A.  A,  Advancement  of  Science,  1906,  "  The  Barometer  in  South  Africa,"  by 
R  T.  A  Innes,  F.R.A.S. 
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and  is  now  lying  waiting  to  be  analysed.  Towards  this  end  I  contributed 
two  papers,  which  were  read  at  the  meetings  of  the  South  African  Associa- 
tion at  Kimberley  in  1906,  and  at  Durban  in  1907.^  The  chief  interest 
is  found  to  centre  round  the  movements  of  the  anticyclonic  belt  and  of 
its  component  anticyclonic  systems. 


Progressive  Movements  of  Permanent  Anticyclonic  Systems  in  the  Northern 

Hemisphere. 

In  July  1898  I  brought  to  the  notice  of  the  Society  the  progressive 
movements  of  some  'of  the  so-called  permanent  anticyclonic  systems  of 
the  northern  hemisphere,^  and  I  called  attention  to  the  fact  that  such 
systems  followed  tracks  year  after  year,  which  were  in  some  years  north 
and  in  others  south  of  a  mean  track.  For  a  series  of  years  the  tracks 
appeared  to  be  displaced  in  a  southerly  direction,  and  in  the  daily  synoptic 
charts  the  system  would  be  found  dominating  an  area  a  little  south  of 
that  which  it  occupied  at  the  same  season  the  previous  year.  This  would 
then  be  reversed  and  the  tracks  would  be  displaced  in  a  northerly  direc- 
tion. The  eleven  years  from  1881  to  1891  were  examined  in  great 
detail,  almost  all  available  daily  and  monthly  synoptic  charts  being 
analysed  atid  the  tracks  laid  down  upon  a  chart.  The  simplest  explana- 
tion of  such  a  phenomenon  was  that  a  real  shifting  was  taking  place  in 
the  latitude  of  the  anticyclonic  belt  itself,  .and  this  would  certainly  control 
the  tracks  followed  by  its  component  permanent  systems.  But  in  spite 
of  the  mass  of  charts  that  were  available,  no  definite  conclusion  on  this 
important  point  could  be  arrived  at,  and  it  appeared  hopeless  to  look  for 
one  under  the  unstable  conditions  of  the  northern  hemisphere,  unless 
some  clue  to  begin  upon  could  be  obtained. 

At  the  Bristol  meeting  of  the  British  Association  in  August  1898, 
Mr.  Douglas  Archibald  referred  to  van  Bebber  and  Koppen's  set  of 
twenty  types  of  weather-systems  which  had  recently  attracted  so  much 
attention.  They  were  the  result  of  an  exhaustive  examination  of  synoptic 
charts  of  the  northern  hemisphere,  and  it  was  announced  that  not  only 
do  such  types  recur  annually,  but  that  they  exhibit  a  tendency  to  succeed 
or  to  be  associated  in  some  cases  with  one  another.  The  types  were 
identified  as  belonging  to  certain  seasons,  and  it  was  observed  that  they 
would  at  some  seasons  precede,  and  at  others  would  follow,  those  with 
which  they  were  most  closely  associated.  In  this  I  found  strong  support 
for  the  views  I  had  just  previously  advanced  regarding  the  progressive 
movements  of  the  permanent  anticyclonic  systems,  which  in  the  case  of 
the  Europasian  systems  was  from  east  to  west  in  the  first  half  of  the  year, 
and  from  west  to  east  in  the  second.  In  some  of  the  cases  it  was  clear 
that  the  types  which  preceded  one  another  as  the  systems  were  moving 
in  one  direction,  succeeded  qne  another  as  they  moved  back  on  the  return 
journey.  But  this  point  was  not  associated  by  the  authors  with  any 
progressive  movement  on  the  part  of  the  anticyclonic  systems,  nor  did  a 
reference  to  their  original  work  throw  any  light  upon  the  important 

*  Report  S.  A»  A.  Advancement  of  Science,  1906,  "Anticyclones  and  their  Influence  on 
South  African  Weather,"  by  CoL  H.  E.  Rawson,  F.R.Met.Soc.,  and  "Anticyclones  as  Aids 
to  Long- Distance  Weather  Forecasts  in  South  Africa  "  (not  yet  published). 

*  Q^art  Jour.  Roy.  Met,  Soc.,  July  1898,  "  Anticyclonic  Systems  and  their  Movements." 
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question  whether  the  latitude  of  the  types  was  ever  found  to  vary.  •  It 
was  evident  that  the  northern  anticyclonic  belt  was  too  broken  to  enable 
anything  like  an  annual  change  in  its  general  position  to  be  traced,  and 
that  for  this  we  must  turn  to  the  southern  belt,  which  is  under  much 
more  stable  conditions  owing  to  its  being  less  interrupted  by  land. 

Seasonal  Migration  of  the  Southern  Anticyclonic  Belt, 

The  seasonal  migration  of  the  southern  belt  is  a  real  displacement 
northward  and  southward,  with  the  sun,  of  the  action-centres  of  the 
systems  which  move  within  it,  and  not  merely  a  variation  in  their 
intensity.  All  the  isobaric  charts  of  the  southern  hemisphere  agree  on 
this  point,  and  the  seasonal  variations  of  the  winds  over  the  sea  and  over 
the  land  confirm  it.  It  is  well  seen  in  the  large-scale  Meteorological 
Charts  of  the  Southei'n  Ocean  between  Cape  of  Good  Hope  and  New  Zealand, 
published  by  the  Meteorological  Council  in  1899  for  each  month  of  the 
year.  They  have  been  prepared  from  all  available  logs  of  vessels  for  the 
years  1855  to  1895,  and  they  include  the  area  between  lats.  30°  and  60°  S. 
and  longs.  10°  and  180°  E.  Owing  to  their  not  extending  farther  north 
than  lat  30°,  the  action-centres,  which  lie  wholly  within  them  in  the 
months  of  January  and  February  when  the  belt  is  farthest  south,  have 
nearly  disappeared  northwards  from  them  in  April,  and  cannot  be  traced 
at  all  in  May.  In  October  the  action-centres  reappear  from  the  north, 
and  remain  visible  throughout  November  and  December.  Buchan's 
isobaric  charts  of  the  southern  hemisphere,  representing  the  mean  monthly 
pressure  for  the  fifteen  years  1870-1884,  show  that  these  action-centres 
have  reached  as  far  north  as  lats.  27^  and  28°  in  July  and  August. 

The  effect  of  the  migration  of  the  belt  upon  a  single  station  in  the 
South  Indian  Ocean  can  be  inferred  from  the  Mauritius  records  of 
barometric  pressure. 

TABLE  L—Basometbic  Prbssurx,  Maubitius  Observatory,  Monthly  Means, 

1876-1900. 

Jan.  Feb.  March.  ApriL  May.  Jane. 

ins.  \tw.  ins.  ins.  inn.  ins. 

29-751        29734        29-769        29-818        29-888        29-964 

July.  Ang.  Sept.  Oct.  Nov,  Dec. 

ins.  ins.  ins.  ins.  ins.  ins. 

30*008        80-010        29*998        29*939        29878        29*814 

The  monthly  means  for  the  twenty-six  years  1875-1900  show  that 
pressure  increases  steadily  from  March  to  July  and  August,  and  falls 
equally  steadily  from  September  to  February.  The  greatest  mean  varia- 
tions of  pressure  occur  between  the  months  of  April,  May,  and  June, 
and  between  September  and  October,  and  Buchan's  isobaric  charts  of 
the  southern  hemisphere  for  the  period  1870-1884  enable  us  to  interpret 
this  as  due  to  the  seasonal  progressive  movements  of  the  permanent 
system  within  the  belt.  It  is  approaching  Mauritius  in  its  journey  west- 
wards during  the  early  months  of  the  year,  and  is  receding  from  it  in 
the  later  months  as  it  returns  eastwards.  These  movements  will  not  be 
discussed  in  what  follows,  as  the  object  of  this  paper  is  to  submit  certain 
facts  connected  with  deviations  in]  the  belt's  latitude ;  but  they  must  not 
be  overlooked. 
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^In  December  1892  the  late  Mr.  H.  C.  Russell,  F.R.S.,  the  Govern- 
ment Astronomer  for  New  South  Wales,  brought  before  the  Society^ 
the  fact  that  south  of  lat.  20°  S.  a  series  of  rapidly  moving  anticyclonic 
systems  was  ever  passing  across  Australia  from  the  westward,  following 
one  another  with  remarkable  regularity.  The  deductions  he  drew  from 
it  did  not  find  favour ;  but  his  diagrams  of  the  tracks  which  the  systems 
followed,  and  a  table  of  the  monthly  changes  of  latitude  from  March  1888 
to  July  1892,  enable  us  to  trace  the  migration  northward  and  southward 
of  the  belt  in  which  the  anticyclones  moved.  He  found  that  they  reached 
their  most  northerly  latitude  in  June,  and  that  their  mean  track  was  then 
along  lat.  27**  30'.  In  February  their  mean  track  was  most  southerly, 
and  was  along  lat.  38°  15'.  One  of  his  conclusions,  the  importance  of 
which  will  appear  hereafter,  is  given  in  his  own  words:  "It  is  our 
experience  that  when  an  anticyclone  track  is  far  from  the  mean,  the 
weather  is  also  far  from  the  mean." 

Discrepancies  in  Isobaric  Charts  when  they  have  reference  to  Different  Years. 

It  is  a  fact  well  recognised  by  sailors  that  the  South-east  Trades  of 
the  South  Atlantic  are  met  with  much  farther  north  of  the  equator  in 
some  years  than  in  others.  Moreover,  the  various  isobaric  charts  which 
have  been  published  do  not  show  the  action-centre  of  the  South  Atlantic 
anticyclone  in  the  same  mean  monthly  positions  when  the  years  to  which 
the  charts  refer  are  not  the  same.  If  Buchan's  charts  published  in  1869 
are  compared  with  those  which  he  made  for  the  period  1870-1884,  or  if 
Mohn*s  charts  published  in  1879,  1883,  and  1903  are  compared  with 
those  prepared  by  the  Hydrographic  Department  of  the  Admiralty  from  all 
available  logs  of  vessels  for  the  period  1855-1899,  the  mean  monthly 
positions  of  the  action-centre  will  be  found  to  vary  very  considerably. 
For  example,  the  following  table  gives  the  latitudes  between  which  the 
centres  lie  each  month,  according  to  Buchan's  charts  for  1870-1884  and 
the  Admiralty  charts  for  1855-1899.  The  latter  show  no  closed  centre 
in  July,  but  pressure  extends  in  a  ridge  across  the  Atlantic  from  east  to 
west  with  the  isobar  30*2  ins.  open  on  the  South  African  side.  In 
September  they  show  two  centres  not  far  from  one  another  and  of  the 
same  intensity,  with  their  axes  on  the  same  parallel,  a  condition  which 
would  be  looked  upon  as  very  exceptional  in  such  daily  synoptic  charts 
as  those  of  the  North  Atlantic  for  1882-3. 

[TABLE  II. — Monthly  Deviation  in  Latitude  of  the  South  Atlantic 

Action-Centre. 


1870-1884. 

1856-1899.       Isobar.    ' 

1870-1884. 

1855-1899.     Isobar. 

o          o 

o    ins. 

o 

e 

o       o     ins- 

Jan.     Lat.  23^-34 

Lat.  22   -  85^     301 

July 

Lat.  26 

-30 

Lat.  20i-34    30-2 

Feb.      „     26-33 

n     25i-35        „ 

Aug. 

„     25 

-29^ 

„     19   -35      „ 

Mar.      „     24   -84 

„     22   -39        „ 

Sept. 

„     26 

-30 

,,     22   -34      „ 

April     „    26-32 

„     24^-38        „ 

Oct. 

„     2H 

-34 

„     17   -37    30-1 

May      „     22   -33 

„     18   -34        ,; 

Nov. 

,.     27 

-36 

„     17    -87      „ 

June     „     24i-29 

„     19i-8H    80-2 

Dec. 

„     21 

-82i 

M     21    -35     „ 

In  every  month  the  area  covered  during  the  period  1855-1899  is 
greater  than  during  1870-1884,  which  is  just  what  we  might  expect  if 

^  Q^art,  Jour,  Roy,  Met.  Soc  vol.  19,  **  Moving  Anticyclones  in  the  Southern  Hemisphere. '' 
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the  action-centre  was  in  some  years  north  of  its  mean  seasonal  position 
and  in  others  south  of  it. 

Over  South  Africa  an  action-centre  is  found  in  some  of  the  charts, 
but  not  in  all,  duiing  the  months  of  June  and  July ;  while  in  some  it  has 
become  established  by  May  and  leaves  in  August ;  but  in  others  it  does 
not  appear  till  June,  and  it  then  remains  on  till  August.  Both  sets  of 
charts  in  the  following  table  are  made  by  Buchan. 

TABLE  III.— Monthly  Dbviation  in  Latitude  of  the  South  ArRiCAN 

Action-Centre. 

1870-1884.  1885-1894.        Isobar.  1870-1884.  1885-1894.        Isobar. 


May    Lat.  26-82^        No  centre      30*1 
June     „     26-28i    Lat  27'-32'*    30-2 


July   Lat.  27 -3U 
Aug.     No  centre 


o       •      ma. 
Lat.  28-32     30-26 
„    29"33i  80-176 


In  this  table  the  charts  for  the  short  period  1885-1894  show  the 
action-centre  in  June  and  July  to  be  occupying  a  more  southerly  position 
than  in  the  longer  period  1870-1884.  The  date  when  it  first  establishes 
itself  over  the  land  is  easily  identified  in  the  records  of  the  Durban 
Observatory  by  the  exceptionally  large  and  rapid  rise  which  takes  place 
in  the  barometric  pressure ;  and  the  regularity  with  which  it  appears  is 
indicative  of  the  wonderfully  stable  conditions  which  exist  in  this  part  of 
the  southern  hemisphere.  _  This  is  shown  in  Table  IV. 


TABLE  IV.— Establishment  on  Land  of  the  South  African  System. 


Year. 


1885. 


1886. 


1887. 


1888. 


.  1880. 


1890. 


1891. 


Date 

Intensity 

.     May  20 
.      30-445 

May  17      May  16      May  31 
•452            -643             -424 

June  3 
•618 

June  9 
•617 

May  29 
•644 

Year. 

1892. 

1893.             1894.               1895. 

1896. 

1897. 

1898. 

Date        . 

Intensity 

.     May  28 
.      30-500 

May  9       May  29      May  28 
•622            -456            -541 

May  29 
•400 

June  2 
•699 

May  18 
•630 

Year. 

1899. 

1900.          1901.          1902.           1908. 

1904. 

1905. 

1906. 

Date 
Intensity 

.     May  21 
.      30-697 

May  29  June  4  June  17  June  22   June  19 

•421         -587        -541          -534          '614 

"".11^' 

May  30 
•632 

The  years  1901-1904  form  a  notable  interruption  to  the  general 
punctuality  of  the  system,  1903  showing  the  greatest  departure  from  the 
mean  date.  Aa  analysis  of  the  winds,  as  the  system  persists  over  Durban, 
gives  an  indication  of  the  position  which  it  is  occupying  relative  to 
Durban,  and  it  is  noteworthy  that  the  years  1904  and  1905  differ  from  all 
the  rest  in  being  the  only  ones  in  which  a  North-east  wind  is  recorded.  In 
the  southern  hemisphere  such  a  wind  belongs  to  the  northern  part  of  the 
system,  and  the  inference  to  be  drawn  from  this,  coupled  with  its  late 
arrival,  is  that  in  these  years  the  system  was  farther  south  than  usual. 

The  isobaric  charts  for  the  month  of  July  published  with  Mohn's 
Orundziige  der  Meteorologie  in  1879, 1883,  and  1903,  differ  materially  among 
themselves.  In  the  edition  for  1879  the  isobar  765  mm.,  enclosing  the 
Australian  action-centre,  touches  the  north  coast  there,  and  passing  through 
the  north  of  Madagascar,  goes  within  10  degrees  of  the  equator  as  it 
crosses  South  Africa.  The  same  isobar  in  the  edition  (third)  of  1883  lies 
6  degrees  farther  south  over  Australia,  and  10  degrees  farther  south 
over  South  Africa.  The  importance  of  this  in  connection  with  the  present 
inquiry  will  appear  later  on. 
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In  the  Barometer  Manual  published  by  the  Meteorological  Council  in 
1905  isobaric  charts  are  given  for  the  months  of  January  and  July,  which 
differ  entirely  from  Mohn's  of  1903,  or  Buchan's  for  the  years  1870-1884. 
The  chart  for  July  shows  no  action-centre  over  the  Atlantic  or  South 
Africa,  and  the  centre  over  the  South  Indian  Ocean  extends  2  degrees 
of  latitude  farther  north  and  4  degrees  farther  south  than  shown  by 
Buchan.  The  Council's  chart  is  compiled  from  vessels*  logs  for  the  years 
1855-1899,  and  this  is  another  instance  of  the  action-centre  occupying  a 
much  wider  area  in  latitude  when  the  chart  has  reference  to  a  long  period 
of  years. 

Testimony  of  the  f Finds  to  Changes  in  the  Latitude  of  the  Anticydonic  Belt, 

It  might  be  considered  that  the  discrepancies  which  have  been  pointed 
out  could  be  readily  accounted  for  by  the  increase  in  the  number  of 
observations  and  their  greater  accuracy.  But  this  explanation  is  insuffi- 
cient when  the  percentage  frequency  of  the  winds  at  such  observatories 
as  the  Cape  and  Durban  are  examined  and  compared  for  different  years. 
A  very  real  change  in  prevalence  is  found  to  exist,  and  is  so  far  waiting 
for  an  explanation.  Mr.  C.  M.  Stewart  pointed  it  out  in  1903  as  the 
result  of  his  investigation  of  the  tri-daily  observations  taken  at  the  Royal 
Observatory,  Cape  Town,  during  1896-1900.^  He  has  compared  the 
percentage  frequency  of  the  winds  from  the  eight  principal  points  of  the 
compass  during  these  years  with  those  given  by  Buchan  in  the  Challenger 
Report  for  the  18  years  1842-1855,  1862-1865. 

TABLE  V.-7-Pbroentage  Febquenct  of  the  Winds,  Royal  Observatory,  Cape  Town, 
FOR  18  Years  1842-1855,  1862-1865  (B),  and  for  5  Years  1896-1900  (S). 


Month. 
11 

N. 

NE. 

E. 

SE. 

S. 

SW. 

W. 

NW. 

Calm. 

b.      s. 

B.      S.    ^   B.      S. 

B.       S.         B.        S. 

B.     S. 

B.        S. 

B.       S. 

B.     S. 

January 
February    . 

3-2    1-5 

GO  0-3 

0-0  O-I 

6-4  1 1-5    67-8  62-9 

32  6-7 

64  40 

12-9   19-8 

3-2 

3-6    1-5 

o-o  O-O 

0-0  05 

71     8-9 

64-3  678 

3-6  3-4 

M     37 

143  20-6 

i1 

March 

3-2    1-5 
6-7    2-8 

o-o  02 

32  04 

6-4  10.4 

64-9  48-4 

3-2  3-5 

97    4-4 

19-3  248 

April. 
May  . 

O-O  0-6  00  0-6 

lo-o  13-1 

46-7  44-9 

67  3-3 

100    36 

20-0  22-8 

^  8-4 
2     7-3 

97    6-9 

o-o  0-9 :  o-o  0-3 

6-4  12-5  '  41-9  321 

3-2  3-4 

97    51 

293   315 

-June  . 

16.7    9-4 

O'O  0-9  loo  0-3 

3.3  13-6  j  80-0  263 

100  30 

13-3    67 

26.7  816 

a     8-2 

&     4-5 

July   .        . 

i6-i  14-3 

o-o  0*8  ^  o-o  02 

3-2  1 3- 1    88-7  178 

6-4  25 

12-9    6-5 

22-6  40-8 

August 

97  10.3 

o-o  1-4 

00  0-2 

6-4  1 1-7    35-6  270 

64  25 

161    6-1 

25-8  84-8 

0     6-5 

September . 

6.7    5-8 

00  0.3 

o-o  0.3 

6-7  123    400  34-4 

67  3-3 

167  lOI 

23.3  24.9 

!5     8.4 

October      . 

6.4    4-6 

o-o  o-o 

00  o-o 

3-2  IO-9    46-2  89-1 

6.4  5-6 

19-4  12-6 

194  23.1 

4-1 

November  . 

67    3-2 

o-o  0-4 

o-o  0-4 

67  lO-o    66-7  44-3 

3-3  51 

lo-o    7.3 

i6-7  256 

3-8 

December  . 

32    17 

o-o  0-0 

00  0-3 

97  15*3    64-6  62-6 

3-2  57 

97    5-5 

97  i6-6 

24 

Year  . 

77    5-3 

0-0  0-5 

0-3  0-3 

6-3  I2-0   48-8  39-9 

52  4-2 

1 1-8    6-3 

20-0  26-3 

5-4 

Mr.  Stewart  points  out  that  these  figures  lead  to  very  different  con- 
clusions regarding  the  prevalent  winds  at  the  Cape  to  those  drawn  by 
Dr.  Buchan.  Whereas  the  Challenger  results  indicate  that  South  is  the 
prevailing  direction  in  every  month  of  the  year,  this  table  shows  decided 
indications  of  a  "monsoon"  influence  during  1896-1900,  in  that  during 
the  winter  months  of  June  to  August  the  prevailing  direction  is  North- 

*  Rtport  qf  the  S.  A.  A,  for  Advancement  of  Science,  1903,  p.  63. 
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westerly,  while  it  is  Southerly  during  the  rest  of  the  year.  Both  Buchan's 
and  Stewart's  figures  agree  in  making  the  North-west  wind  more  pre- 
valent in  the  winter  than  in  the  summer  months,  and  to  be  the  most 
frequent  wind  after  the  South  in  every  month  except  December,  when 
the  South-east  shares  it  with  the  North-west.  The  important  point  to 
notice  is  that  Stewart  detected  a  monsoon  influence  in  1896-1900,  which 
was  not  traceable  in  the  period  analysed  by  Buchan. 

In  the  annual  reports  of  the  Durban  Observatory  for  the  10  years 
1885-1894  the  percentage  frequency  of  the  winds  has  been  calculated 
each  quarter  for  seven  stations  within  Natal  and  six  stations  beyond  it. 
As  we  have  Buchan's  monthly  isobaric  charts  of  South  Africa  for  these 
particular  10  years,  it  is  most  instructive  to  follow  the  seasonal  changes 
in  the  winds  as  the  belt  migrates  north  and  south.  It  is  also  evident . 
that  in  Natal,  as  well  as  at  the  Cape,  real  changes  in  prevalence  were 
taking  place  year  by  year.  In  the  following  table  the  percentage 
frequency  of  the  winds  at  Durban,  for  the  winter  half-year.  April  to 
September,  has  been  compiled  from  the  reports  : — 

TABLE   VI. — Percentage  Fkequenoy  of   the  Winds,  Durban  Observatory, 
April  to  September  1885-1894. 


1885. 

18S6. 

1887. 

1888. 

1889. 

1890. 

1891. 

1892. 

1898. 

1894. 

Calm 

. 

16 

15 

10 

3 

2 

1 

N.  . 

23 

23 

21 

.30 

23 

23 

24 

26 

22 

23 

E.  . 

24 

24 

26 

22 

24 

26 

25 

25 

25 

25 

S.  . 

27 

19 

28 

26 

23 

24 

22 

21 

24 

26 

w. 

17 

15 

24 

20 

14 

12 

19 

26 

27 

26 

This  table  shows  how  regular  the  winds  are  during  the  months  April 
to  September  except  those  with  a  Westerly  component,  whose  increased 
frequency  in  1892,  1893,  and  1894  marked  these  years  out  for  special 
examination.  Observations  of  the  winds  are  recorded  twice  a  day,  at 
9  a.m.  and  3  p.m.,  at  the  Observatory,  and  on  consulting  the  daily 
records  it  became  apparent  that  these  years  were  exceptional,  not  only 
for  the  number  of  entries  of  a  NW.,  NNW.,  or  WNW.  wind  during 
the  months  April  to  September,  but  also  throughout  the  year.  There 
were  not  many  for  3  p.m.,  and  the  following  table  was  consequently 
compiled  for  9  a.m.  only : — 

TABLE  VII. —Records  of  NW.,  NNW.,  and  WNW.  Winds,  Durban 
Observatory,  1890-1905. 

Month.  1890.  1891.  1892.  1898.  1894.  1895.  1896.  1897.  1898.  1899.  1900.  1901.  1902.  1908.  1904.  190& 


Jan. 

... 

1 

4 

8 

... 

... 

... 

... 

... 

Feb. 

"i 

1 

8 

4 

l 

... 

. . . 

.. . 

... 

... 

Mar. 

2 

2 

9 

4 

3 

.  •• 

1 

... 

1 

, 

ag' 

1 

4 

12 

8 

8 

2 

**2 

2 

2 

"i 

1 

4 

"s 

1 

i 

4 

13 

12 

10 

11 

"s 

7 

8 

4 

8 

2 

9 

7 

3 

6 

8 

June 

7 

11 

24 

14 

16 

11 

10 

10 

15 

7 

5 

12 

8 

11 

6 

10 

July 

9 

12 

15 

10 

13 

11 

10 

11 

7 

4 

17 

12 

10 

5 

8 

8 

Aug. 

3 

10 

13 

12 

10 

8 

5 

1 

4 

6 

1 

4 

1 

6 

1 

Sept 

5 

9 

2 

1 

3 

2 

... 

1 

... 

1 

... 

Oct. 

... 

2 

2 

1 

2 

1 

... 

... 

Nov. 

... 

3 

8 

... 

.. . 

... 

**i 

Dec. 

1 

"i 

3 

... 

... 

1 

... 

In  this  table  the  years  1892,   1893,  and  1894  stand  out  above  all 
the  others  in  the  number  of  records  from  April  to  September,  while 
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1892  and  1893  are  exceptional  during  the  other  months  of  the  year  as 
well.  In  following  up  this  matter  in  order  to  try  and  ascertain  its 
significance  it  was  observed  that,  in  almost  every  year  from  1895  to  1905, 
one  of  the  earliest  appearances  of  a  North-west  wind  was  associated  with 
the  same  weather  characteristics,  viz.,  a  barometer  reading  of  over 
30 '2  ins.  and  well-defined  anticyclonic  indications,  calm  or  very  light 
winds,  and  a  clear  sky.  The  same  type  could  be  equally  easily  detected 
in  the  years  1890-1894,  but  it  occurred  in  March  or  April  and  not 
necessarily  on  the  first  appearance  of  the  North-west  wind. 

The  following  table  gives  the  records  of  the  first  arrival  of  the  North- 
west wind,  April  24-29,  1905,  and  they  are  typical  of  all  the  rest : — 

TABLE  VIII.— Anticyclonic  Type,  with  NW.  Wind,  Durban  Obseevatort, 

April  24-29,  1905. 


Barometer. 

Mois.  Rain- 
ture.    fail. 

Wind. 

Amount 
of  Cloud. 

Sky. 

April. 

9  a.m. 

8  p.m. 

Grains. 

9  a.m. 

8  p.m.          9  a.m.  8 

p.m. 

9  a.m. 

3  p.m. 

ins. 

ins. 

cub.  ft. 

24 

80-089 

80-085 

6-8     ... 

Calm 

S.  V.  light 

0 

8 

Clear 

Stratus 

25 

30-228 

30-182 

6-2     ... 

NW.  light 

Calm 

0 

0 

Clear 

Clear 

26 

80-299 

80-260 

6-0     ... 

Calm 

NE.  moderate 

0 

0 

Clear 

Clear 

27 

80-302 

80-222 

6-2     ... 

N.  V.  light 

NE.  light 

0 

0 

Clear 

Clear 

28 

80-281 

80-146 

6-2     ... 

N.  V.  light 

NE.  moderate 

0 

0 

Clear 

Clear 

29 

80-159 

30-101 

6-7     ... 

Calm 

NE.  moderate 

0 

0 

Clear 

Clear 

This  is  distinctly  an  anticyclonic  type.  On  application  to  the 
Johannesburg  Observatory,  which  was  opened  in  1905,  I  obtained  from 
the  Director  details  of  the  barometric  pressure  prevailing  during  this 
period  over  South  Africa  at  all  stations  from  Tomba  (lat.  15°  S.)  to  Cape 
Town.^  The  isobaric  chart  which  was  specially  prepared  for  April  25 
showed  an  extensive  anticyclone  lying  from  east  to  west  across  South 
Africa  with  an  open  side  towards  the  east.  The  highest  pressure  of  the 
anticyclonic  belt  had  spread  from  the  east  westwards  in  the  form  of  a 
ridge,  and  Durban  lay  on  the  southern  edge.  The  advent  of  North-west 
winds  at  Durban,  associated  with  high  pressure,  marks  the  arrival  of  the 
anticyclonic  belt  in  the  course  of  its  annual  migration  northwards,  and  I 
infer  that  when  this  wind  is  found  prevailing* in  exceptional  months  the 
anticyclonic  belt  is  in  an  exceptional  position.  In  January  and  December 
1891  the  North-west  wind  is  recorded  with  a  barometric  pressure  of 
30*253  ins.  and  30  346  ins.  respectively,  and  these  rare  occurrences  are 
followed  in  the  two  succeeding  years  by  the  exceptionally  numerous 
records  of  North-west  winds  which  are  given  in  Table  VII.  The  inference 
I  have  drawn  is  that  in  either  1892  or  1893  the  belt  was  in  an  extreme 
northerly  position.  It  will  be  useful  at  this  point  to  summarise  the 
arguments  that  have  been  used,  and  the  results  which  have  so  far  been 
obtained. 

Summary. 

An  examination  of  the  daily  synoptic  charts  of  the  northern 
hemisphere  led  to  the  conclusion  that  some  of  the  permanent  anticyclonic 

^  I  wish  to  acknowledge  the  great  assistance  I  have  received  from  Mr.  Innes,  Director  of 
the  Transvaal  Meteorological  Department ;  Mr.  Nevill,  Natal  Government  Astronomer ; 
Mr.  Sutton,  Kimherley  Observatory  ;  and  the  members  of  their  Staff.  They  have  given  me 
access  to  all  their  records,  and  afforded  me  all  information  which  would  throw  light  on  the 
points  raised  in  this  paper. 
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systems  had  a  progressive  seasonal  movement  which  did  not  take  place 
along  the  same  latitude  each  year,  but  was  in  some  years  north  and  in 
others  south  of  a  mean  latitude.  This  was  noticeable  in  the  years  1881- 
1891,  and  was  capable  of  easy  explanation  if  the  belt  itself  in  which 
they  moved  shifted  its  latitude  from  year  to  year  in  addition  to 
migrating  north  and  south  \vith  the  sun.  On  analysing  the  isobaric 
charts  of  the  southern  hemisphere  the  seasonal  migration  of  the 
anticyclonic  belt  is  found  to  be  accompanied  by  a  real  displacement  of 
the  action-centres  within  it  to  the  northward  and  to  the  southward. 
But  when  the  charts  are  compared  great  discrepancies  are  found  to 
exist  in  the  positions  of  the  centres,  if  the  years  to  which  they  refer 
are  not  the  same.  Moreover,  when  they  are  prepared  for  a  long 
period  of  years  the  action-centres  show  a  much  wider  displacement  from 
a  mean  latitude  than  for  a  short  period.  In  one  case  charts  which  were 
published  in  1879  were  considerably  modified  in  1883,  the  area  of 
maximimi  pressure  within  the  belt  being  shown  farther  south.  These 
discrepancies  cannot  be  accounted  for  solely  by  an  increase  in  data  or 
more  reliable  methods  of  observation,  for  important  changes  in  the 
percentage  frequency  of  the  winds  recorded  at  the  observatories  have 
taken  place.  At  the  Cape  a  "  monsoon "  influence,  associated  with  the 
winter  months  of  the  years  1896-1900,  in  connection  with  the  North-west 
wind,  is  found  to  exist,  which  was  not  traceable  in  the  years  1842-1855, 
1862-1865.  At  Durban  a  decided  increase  in  the  percentage  frequency 
of  winds  with  a  Westerly  component  in  winter  months  of  the  years  1892 
and  1893  is  traced  to  an  increased  prevalence  of  the  same  North-west 
wind,  and  it  is  found  to  prevail  in  an  exceptional  manner  during  the 
summer  months  also.  This  wind  is  proved  to  indicate  the  arrival  at 
Durban  of  the  south  side  of  the  anticyclonic  belt,  and  the  inference  is 
drawn  accordingly  that  during  1892  and  1893,  when  it  prevailed 
throughout  both  summer  and  winter  months,  the  south  side  of  the  belt 
was  much  farther  north  than  usual. 

Meteorological  Changes  in  relation  to  the  Belt's  Latitude. 

The  prevalence  of  winds  with  a  Westerly  component  is  in  accordance 
with  all  that  we  know  about  the  south  side  of  the  belt  as  it  lies  over 
the  oceans.  As  long  ago  as  Maury's  time  it  was  recognised  that  South- 
cast  winds  blew  out  of  the  north  side  of  the  belt  of  calms,  while  on  the 
south  side  "  the  winds  with  Westing  in  them  become  the  prevailing  winds, 
and  between  the  parallels  of  35°  and  40"*  S.  the  North-west  and  South- 
west winds  contend  with  equal  power  for  the  mastery."  In  the  monthly 
charts  published  by  the  Meteorological  Council  in  1882,  Charts  for  Ocean 
District  adjacent  to  Cape  of  Good  Hope,  which  include  the  area  10°  E.  to 
40°  K  long,  and  30°  S.  to  50°  S.  lat.,  we  see  how  completely  Westerly 
winds  prevail  below  lat.  40°  S.  from  January  to  March,  and  how  they  are 
found  farther  and  farther  north  till  they  reach  their  farthest  limit  in  July. 
The  letterpress  on  the  charts  says,  "Westerly  and  Easterly  winds 
alternate  near  the  land.  In  summer  Easterly  winds,  in  winter  Westerly 
winds  prevail.  Southerly  winds  (SW.  to  SE.)  prevail  throughout  the 
year  in  the  north-west  corner  of  the  district "  (t.e.  oflF  the  Cape),  "  but 
they  extend  farther   south  in    summer  than   in  winter.''      From  this 


Digitized  by 


Google 


174     EAWSON— ANTICYCLONIC  BELT  OF  SOUTHERN  HEMISPHERE 

description  of  the  seasonal  variations  of  the  wind  we  can  form  a  picture 
of  the  action-centres  of  the  anticyclonic  belt — the  calm  zone  of  old  days — 
"  vibrating  up  and  down/'  as  Maury  expressed  it,  "  with  the  trade-wind 
zone,  partaking  of  its  motion  and  following  the  declination  of  the  sun." 
If  the  anticyclonic  belt  was  farther  north  than  usual  during  the  period 
1896-1900,  the  zone  of  counter-trades  with  its  prevailing  North-west 
wind  would  reach  as  far  north  in  June,  July,  and  August  as  the  Cape 
Peninsula,  and  we  should  have  in  this  fact  an  easy  explanation  of  the 
increased  prevalence  Stewart  detected  in  those  years. 

It  is  a  direct  consequence  of  the  anticyclonic  belt  coming  south 
and  lying  over  the  Cape  Peninsula  (lat.  34"*  S.),  with  its  Atlantic  system 
not  far  from  the  coast,  that  the  Cape  has  its  dry  season  from 
September  to  April.  The  belt  being  south  of  Durban  (lat.  30°  S.), 
Natal,  Orange  River  Colony,  and  the  Transvaal  have  their  wet  season  in 
these  months.  When  the  belt  goes  north  and  an  action-centre  becomes 
established  on  land  the  dry  season  of  these  colonies,  which  begins  in 
May  and  lasts  till  August,  reaches  its  maximum,  while  the  wet  season 
prevails  at  the  Cape.  This  difference  in  the  dry  and  wet  seasons  of  the 
two  sides  of  South  Africa  is  one  of  the  most  striking  characteristics  of 
its  climate.  The  explanation  hitherto  given  has  ascribed  it  almost 
entirely  to  the  winds,  and  has  overlooked  the  systems  which  give  rise  to 
the  winds.  I  have  already  dealt  with  this  in  the  paper  that  has  been 
referred  to,  "  Anticyclones  and  their  Influence  on  South  African  Weather," 
and  I  need  not  pursue  the  subject  here. 

Capt.  Campbell  Hepworth,  in  "  The  Tracks  of  Ocean  W^ind  Systems 
in  transit  over  Australasia,"^  notices  that  the  centres  of  the  cyclonic 
systems  travelled  eastward  across  the  South  Indian  Ocean  "  on  a  more 
polar  path  during  summer  months  than  in  the  winter."  The  four 
diagrams  of  the  tracks  of  high-  and  low-pressure  systems  during  the 
months  November  1890  to  IVfiirch  1891,  and  May  to  September  1891, 
which  accompany  his  paper,  show  very  conclusively  that  the  tracks  of 
the  cyclonic  systems  are  kept  to  the  southward  of  the  anticyclonic  tracks, 
and  migrate  north  and  south  with  them.  In  the  Admiralty  manual, 
Africa  Pilot,  1905,  for  the  area  lying  between  long.  10°  E.  and  40°  E., 
lat.  30°  S.  and  50°  S.,  it  is  stated  that  on  lat.  40°  S.  and  southwards 
the  probability  of  meeting  gales  is  in  January  8  per  cent,  April  10  per 
cent,  July  1 4  per  cent,  October  9  per  cent.  Farther  northwards  near  the 
South  African  coast,  it  is  in  January  6  per  cent,  April  6  per  cent,  July  1 3 
per  ceat,  October  10  per  cent.  We  should  therefore  expect  that  in  years 
when  the  anticyclonic  belt  was  sufficiently  north  of  Durban  to  admit  more 
low-pressure  systems  than  usual,  the  rainfall  there  should  be  heavier. 
We  have  seen  reasons  for  supposing  that  1892  and  1893  were  two  such 
years,  and  the  following  table  gives  the  rainfall  each  year  from  1885 
to  1905. 

The  year  1893  was  therefore  remarkable  for  the  phenomenal  rainfall 
of  71*27  ins.,  or  31*90  ins.  above  the  average  for  twenty-one  years.  In 
discussing  the  meteorology  of  the  year,  the  Natal  Government  Astronomer 
pointed  out  that  the  actual  rainfall  during  the  rainy  season,  September 
to  April  1893-4,  was  51*95  ins.,  or  18*85  ins.  above  the  average  of  the 
twenty  previous  years;  and  that  from  September  to  April  1892-3  it  was 
'  Qitart.  Jour.  Roy,  Met  Soc,^  October  1892,  p.  84. 
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46'96  ins.,  or  13'86  ins.  above  the  average.  To  find  anything  approach- 
ing such  a  rainfall  it  was  necessary  to  go  back  to  the  years  1874  and 
1875.     He  concludes  as  follows:  "All  things  considered,  it  is  probable 

TABLE  IX.— Rainfall  in  Inches  at  Durban  Observatory,  1885-1905. 


Tear 

1886. 

1888. 

1887. 

1888. 

1889. 

1890. 

1S91. 

ins. 

ins. 

ins. 

ins. 

ins. 

ins. 

ins. 

Rainfall 

34-48 

31-79 

31-87 

37-74 

29-54 

32-91 

45*45 

Year 

1892. 

189S. 

1894. 

1895. 

1896. 

1897. 

1898. 

ins* 

iDS. 

ins. 

ins. 

ins. 

ins. 

ins. 

RainfaU 

38-37 

71-27 

37-27 

51-50 

39-63 

34-39 

42-48 

Year 

1899. 

1900. 

1901. 

1902. 

1908. 

1904. 

1905. 

Mean. 

ins. 

ins. 

ins. 

ins. 

ins. 

ins. 

ins. 

ins. 

Rainfall  28-75        27-24        5554        41-18        35-66        3472        44-95        39*37 

that  the  excessive  rainfall  of  the  seasons  1892-93  and  1893-94  may  have 
had  its  origin  in  the  abnormal  disturbances  which  appear  to  have  taken 
place  in  the  Antarctic  regions  during  the  years  1891-93,  which  resulted 
in  great  masses  of  ice  having  been  driven  north  as  far  as  40°  S.  lat.  The 
probable  effect  of  this  would  be  to  throw  the  northern  border  of  the  great  southern 
rainrbelt  into  close  proximity  to  the  south-east  coast  of  Africa^  so  that  ovilying 
portions  might  easily  have  impinged  thereupon^  and  then  given  rise  to  this  heavy 
rainfalV*  He  returns  to  the  same  subject  in  his  report  for  1896.  "The 
same  meteorological  conditions  are  now  prevalent  as  in  the  years  1892-93, 
and  it  appears  probable  that  the  same  causes  have  been  at  work.  .  .  . 
All  this  points  to  the  close  approach  of  the  great  southern  cloud-belt^  which  seems 
to  have  shifted  far  further  north  than  its  usual  range.  In  the  year  1893  the 
same  thing  occurred,  owing  to  some  great  disturbance  in  the  Antarctic 
having  broken  up  the  icefields,  and  driven  great  masses  of  ice  far  towards 
the  north."  Again  in  the  report  for  1897  he  writes  :  "Unusually  heavy 
rainstorms  appear  to  have  occurred  on  the  south-east  coast,  as  at  Port 
Elizabeth  and  St  John's,  but  they  have  not  readied  so  far  north  as  Natal, 
It  is  true  that,  as  anticipated,  the  great  southern  rain-belt  has  been  forced 
far  north  of  its  usual  limits,  but  in  a  direction  too  far  east  to  impinge  on 
the  coast  of  Natal ;  hence  the  absence  of  any  great  rainstorms  similar  to 
those  of  the  year  1893,  such  as  might  otherwise  have  been  expected." 
The  portions  I  have  italicised  strongly  support  the  hypothesis  that  the 
southern  anticyclonic  belt  was  far  north  in  1892-3,  and  that  after  thase 
years  it  was  returning  south.  In  1897  it  was  preventing  the  rain-belt 
from  reaching  so  far  north  as  Natal,  but  permitting  it  to  impinge  upon 
and  bring  heavy  rainstorms  to  stations  farther  south. 

Variations  of  Barometric  Pressure  in  relation  to  the  Belts  Latitude, 

It  is  quite  in  conformity  with  our  view  of  the  northerly  position  of 
the  anticyclonic  belt  in  1892  and  1893  that  the  annual  mean  pressure 
for  the  former  year  at  Durban  was  the  absolute  lowest  of  the  whole  series 
1873-1905,  and  for  the  latter  year  the  ninth  lowest. 

But  if  the  belt  shifted  its  latitude  and  in  doing  so  controlled  the 
tracks  of  the  anticyclonic  systems  which  are  known  to  be  ever  travelling 
from  west  to  east  within  it,  besides  determining  the  latitude,  of  the  more 
permanent  action-centres,  the  passage  of  the  belt  north  and  south  must 
have  left  its  trace  upon  the  mean  barometric  pressure  of  the  stations  it 
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passed  over.  All  the  inquiries  I  made  from  stations  south  of  lat.  26° 
went  to  prove  that  after  1894-5  there  was  a  distinct  change  in  the 
weather  they  experienced :  it  was  more  anticyclonic.  In  Natal  it 
culminated  in  the  year  1899.  In  a  discussion  regarding  the  rainfall  of 
the  Indo-oceanic  region  during  1895-1902,  which  appeared  in  Nature  &t 
the  end  of  1904  and  beginning  of  1905,  Sir  John  Eliot  referred  to  the 
eastern  half  of  South  Africa  as  having  had  heavier  rain  than  usual  during 
1892-1894,  while  it  was  "steadily  in  defect  during  the  five  years  1895- 
1899,  and  was  specially  deficient  in  1897  and  1899."  Me.  J.  R.  Sutton, 
of  the  Kimberley  Observatory,  in  the  same  correspondence  stated  that 
the  percentage  of  rainfall  during  1899  had  been  64  per  cent  in  the 
eastern  district  of  the  South  African  coast,  and  87  per  cent  in  Natal. 
In  Table  IX.  the  rainfall  at  Durban  appears  as  nearly  11  ins.  below  the 
average,  and  in  the  report  for  the  year  it  is  said  to  be  the  lowest  recorded 
at  Durban  since  1878. 

The  mean  annual  pressure  for  the  year  1899  at  Durban  was  also 
phenomenally  high.  And  here  we  come  to  the  first  of  a  series  of 
coincidences,  if  they  are  to  be  regarded  as  such,  in  connection  with  the 
hypothesis  that  the  belt  reached  a  northerly  position  in  1892  and  1893, 
and  then  returned  southwards.  The  Durban  observations  show  that  six 
years  before  1893  and  six  years  after  1893  the  two  highest  annual  means 
occurred  which  have  ever  been  recorded.  The  following  are  the  mean 
monthly  readings  for  the  years  1887  and  1899  which  are  given  in  The 
Barometer  of  South  Africa  to  represent  the  barometric  pressure  at  Durban  : — 

TABLE  X.— Mean  Monthly  Readings  of  Barometeb  at  9  a.m., 
Durban  Observatory. 

Year.            Jan.  Feb.  March.  April.  May.  June, 

ins.  ins.  ins.  ins.  ins.  ins. 

1887        29-988  80-023  30-077  30145*  80-207'  SO'SIS^ 

1899        29-950  29-975  -054  -148*  -2761  -828^ 

1873-1906    29-973  30*006  -048  -096  -135  -223 

Year.  July.  Aug.  Sept.  Oct.  Nov.  Dec  Mean, 

ins.  ins.  ins.  ins.  ins.  ins.  ins. 

1887        30-222        80-154        30-273i         30-102        30-093i         29*997         SO-ISS^ 
1899  -263  -156  -1868  -067  •078»  -983  •121« 

1873-1906        -235  195  -158  -093  '026  -992  -098 

Note.— I,  2,  8,  4,  5,  8  are  the  highest,  second,  third,  etc.,  highest  of  the  series  1878-1905. 

The  mean  annual  reading  for  1887  was  thus  the  highest,  and  for  1899 
the  second  highest  ever  recorded.  The  mean  monthly  readings  for  May 
and  June  1899  were  the  highest,  and  for  May  and  June  1887  the  second 
highest ;  for  April  1899  the  fourth,  and  for  April  1887  the  fifth  highest ; 
for  September  1887  the  highest,  and  for  September  1899  the  eighth 
highest;  for  November  1887  the  highest,  and  for  November  1899  the 
third  highest^  The  close  resemblances  running  through  the  individual 
months,  as  well  as  in  the  two  years  as  a  whole,  can  only  be  accounted 
for  by  the  hypothesis  that  the  anticyclonic  belt  occupied  the  same  relative 
position  to  Durban  in  both  years,  and  the  very  high  pressure  which 

^  It  must  be  remembered  that  the  range  of  the  barometer  in  these  latitudes  is  very  small. 
The  readings  are  only  taken  at  9  a.m.  and  3  p.m.  at  Darban,  and  the  greatest  range  that 
has  been  recorded  since  the  Observatory  was  opened  amounts  to  1*452  ins.  The  annual 
mean  for  1887,  as  determined  by  the  readings  taken  at  9  a.m.  and  3  p.m.,  is  30*133  ins., 
and  for  1899,  30*129  ins.,  without  being  reduced  to  gravity  of  lat.  46°  as  in  Table  X. 
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prevaUed  indicates  that  its  mean  position  for  the  year  must  have  been 
very  close  to  the  latitude  of  Durban.  Table  IX.  shows  that  1887,  like 
1899,  was  deficient  in  rainfall,  amounting  to  almost  8  inches,  and  the 
report  for  the  year  states  that  this  was  the  case  throughout  the  colony. 
It  also  appears  from  the  reports  that  from  1886  to  1889  the  number  of 
thunderstorms  showed  a  gi*eat  decrease  at  all  the  large  towns  in  Natal,  in 
marked  contrast  to  the  large  number  in  1890  and  following  years.  The 
point  was  specially  commented  upon  by  the  Government  Astronomer. 

From  these  facts  I  draw  the  first  definite  conclusion  regarding  the 
position  of  the  anticyclonic  belt  in  any  particular  years,  viz.,  that  in  1887 
and  1899,  during  the  months  of  April  and  September,  its  central  axis 
lay  approximately  along  lat.  30*^  across  South  Africa,  and  that  it  migrated 
north  and  south  of  this  position  with  the  sun ;  further,  that  in  1893  the 
central  axis  reached  its  farthest  northerly  point. 

Determination  of  the  Extreme  and  Mean  Positions  of  the  Belt, 

It  is  important  to  ascertain  whether  the  change  in  the  belt's  latitude 
is  progressive  and  cyclical  in  its  character,  and  in  what  year  the  most 
southerly  position  was  reached.  Seamen  have  long  held  that  the  Belt  of 
Calms  lay  between  lat.  30°  and  35°  S.  and  migrated  north  and  south  of  this 
with  the  sun,  but  South  African  meteorologists  have,  as  a  rule,  given 
little  attention  to  the  existence  of  the  belt  as  it  crosses  the  land.  In  the 
paper  which  was  specially  prepared  for  the  British  Association  upon  the 
meteorology  of  the  country  the  word  "  anticyclone  "  occurs  very  seldom, 
if  at  all.  There  is  a  notable  exception,  however,  to  this  in  the  annual 
reports  of  Mr.  Nevill,  the  Natal  Government  Astronomer,  from  whose 
Durban  observations  I  have  drawn  so  much.  In  1893,  when  discussing 
the  phenomenal  rainfall  of  the  year,  he  remarked :  "  Natal  is  on  the  border 
of  a  great  southern  anticyclonic  belt,  and  it  would  appear  that  it  is  the 
position  and  condition  of  this  belt  which  mainly  regulates  the  climate  of 
Natal.  ...  As  soon  as  the  laws  governing  the  motion  and  physical 
condition  of  this  belt  have  been  approximately  determined,  so  that  from 
a  knowledge  of  its  character  in  the  past  year  there  can  be  ascertained  its 
probable  nature  in  the  coming  year,  then  this  knowledge  can  be  applied 
to  predicting  the  probable  character  of  the  coming  season  in  the  different 
districts  of  Natal."  His  reports  show  that  the  idea  of  a  moving  zone, 
which  was  sometimes  much  farther  north  than  at  others,  is  often  in  his 
mind,  and  that  he  had  hopes  that  something  would  be  found  out  regard- 
ing its  movements,  as  the  conditions  governing  the  variations  in  weather 
over  the  southern  hemisphere  appeared  to  be  much  simpler,  and  less 
liable  to  extraneous  disturbances,  than  those  regulating  the  variations  in 
the  northern  hemisphere.     I  shall  return  to  this  again. 

But  though  there  is  no  analysis  of  the  belt's  movements  to  help  us, 
some  valuable  records  of  droughts  and  exceptional  rainfalls  have  been 
compiled  and  discussed.  In  1889,  Mr.  D.  E.  Hutchins,  the  Conservator 
of  Forests,  Cape  Colony,  who  has  done  so  much  to  assist  in  tracing  any 
connection  that  there  may  be  between  the  meteorology  of  South  Africa 
and  of  India,  published  his  Cycles  of  Di'ought  and  Good  Seasons  in  South 
Africa,  which  supports  in  a  very  remarkable  way  the  view  that  the  belt's 
movements  are  not  only  progressive,  but  cyclical  in  their  character.     The 
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chief  object  of  his  inquiry  was  to  test  Meldrum's  Cycle  and  the  Sunspot 
theory,  by  analysing  all  the  special  droughts  and  rainfalls  which  he  could 
find  recorded.  He  was  able  to  find  one  which  went  back  as  far  as  1622. 
But  after  endeavouring  to  fit  them  in  he  was  unable  to  find  a  place  for 
certain  exceptional  rainfalls  in  the  Cape  Peninsula  even  by  making 
allowances  for  "Irregular  Mitigation  "  and  "  Cyclical  Mitigation  "  in  their 
cases.  He  was  forced  to  adopt  another  cycle  altogether,  to  which  he 
gave  the  name  of  the  "  Storm  Cycle,"  with  a  period  of  9*5  years,  or  by 
going  back  to  1622  the  more  accurate  one  of  9*43  years.  The  rainfall 
curve  which  he  gives  for  the  Cape  Observatory  for  the  years  1841  to 
1888  is,  in  his  opinion,  convincing  proof  of  the  existence  of  a  9'5-year 
cycle  over  the  south-western  districts  of  South  Africa,  which  does  not 
extend,  however,  to  Natal  and  the  east.  He  discusses  the  rainfall  at 
several  stations  along  the  latitude  of  about  33""  30',  and  detects  tie 
storm  cycle  in  them  readily ;  but  when  he  comes  to  Aliwal  North,  lat. 
31°,  he  remarks  that  this  station  exhibits  serious  anomalies.  "The 
eastern  rainfall,"  he  writes,  "  differs  primarily  from  the  Atlantic  rainfall 
in  being  influenced  by  the  storm  cycle  only  in  the  matter  of  wind."  He 
finds  that  at  eastern  stations  the  cyclical  phenomena  are  materially 
different,  and  show  little  or  no  connection  with  western  stations. 
Grahamstown  marks  the  limit  to  which  the  cyclical  rainfall  extended 
eastwards,  and  I  would  call  attention  to  the  abrupt  trend  to  the  north- 
east which  the  coast  line  takes  not  far  from  this  station. 

The  storm-cycle  years  of  the  south-west  district  of  South  Africa  are 
of  great  importance  to  us  at  this  point  of  our  inquiry.  Mr.  Hutchins 
states  them  to  be:  1850,  1859,  1869,  1878,  and  1888.  All  these  years 
stand  out  prominently  on  the  rainfall  curve  as  years  of  maximum  lainfall. 
I  will  only  give  details  of  the  two  periods  1853-1859  and  1872-1878  as 
typical  of  the  whole  series. 

TABLE  XL— Rainfall  at  Eoyal  Observatory,  Cape  Town,  1853-1859 
AND  1872-1878. 
Year. 

Bainfall 
Year. 

Rainfall 

In  this  table  the  corresponding  years  of  the  19-year  period  are 
brought  together,  and  the  fluctuations  in  the  rainfall,  as  it  rises  to  a 
maximum  in  the  storm-cycle  years  1859  and  1878,  are  well  seen.  The 
storm-cycle  year  1888  was  one  of  exceptionally  heavy  rainfall,  and, 
with  1889,  is  distinguished  by  Buchan,  in  his  analysis  of  the  Cape  rain- 
fall from  1841  to  1894,  as  being  in  a  great  measure  the  cause  of  the 
pentade  1886-1890  being  one  of  the  two  wettest  pentades  of  the  series. 

But  the  conclusion  that  has  been  arrived  at  is,  that  in  1887  the  anti- 
cyclonic  belt  was  over  lat.  30°  and  was  going  north,  so  that  in  1888  it 
lay  just  to  the  north  of  this  latitude.  In  1899  it  was  once  more  over 
lat.  30°  returning  south,  and  consequently  in  1898  it  was  in  the  same 
position  as  it  was  in  1888.  If  the  movement  of  the  belt  is  pro- 
gressive, a  cycle  of  9*5  years  will  exactly  coincide  with  and  explain  the 


1863. 

1854. 

1856. 

1856. 

1857. 

1868. 

1869. 

ins. 
21-23 

ins. 
20-06 

ins. 
24-58 

ins. 
19-48 

ins. 
22-04 

ins. 
24-28 

ins. 
3673 

1872. 

1878. 

1874. 

1S76. 

1876. 

1877. 

1878. 

ins. 
29-33 

ins. 
23-70 

ins. 
26-20 

ins. 
25-72 

ins. 
26-65 

ins. 
35-57 

ins. 
41.03 
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1865.        . 

1874. 

1893. 

Mean  for 
21  years. 

ins. 
82-82 

ins. 
55-06 

ins. 
71-27 

ins. 
39-37 
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belt's  northerly  position  in  1893;  and  it  will  travel  to  its  most  southerly 
position,  and  return  to  that  occupied  in  1888  and  1898  in  another  9*5 
years.  The  storm-cycle  years  detected  by  Mr.  Hutchins  are  those  in  which 
the  belt  occupies  its  mean  cyclical  jwsition  just  north  of  lat.  30°.  But  if, 
when  it  is  in  this  position,  stations  near  lat  34°  S.  experience  great  rain- 
storms, it  would  be  only  natural  that,  when  it  is  far  north,  southern 
stations  occup3dng  the  same  relative  position  should  also  have  the  same 
great  rainstorms.  The  phenomenal  rain  experienced  by  Durban  in  1893 
is  an  indication  that  the  belt  was  in  that  year  as  far  north  of  Durban 
as  it  was  north  of  the  Cape  Observatory  in  the  storm-cycle  years. 
Durban's  storm-cycle  years  should  therefore  be  1893,  and  years  at 
intervals  of  19  years  before  and  after  it  The  following  table  gives  the 
actual  rainfall  experienced  in  such  years  at  Durban  as  far  back  as 
records  exist : — 

TABLE  Xn. — Phenomenal  Rainfall  at  Durban  Observatory. 
Year. 

Rainfall 

The  exceptional  rainfall  of  1874  and  1893  has  already  been  referred 
to,  and  as  regards  that  of  1855  Mr.  Hutchins  says  that  it  was  heavy  all 
over  the  eastern  part  of  South  Africa  as  well  as  over  Durban,  where  it 
was  heaviest.  These  years  may  therefore  be  correctly  described  as 
Durban's  storm-cycle  years,  and  the  eastern  rainfall  and  the  western 
are  equally  controlled  by  the  position  of  the  anticyclonic  belt.  Just  as 
in  1892  the  annual  mean  pressure  at  Durban  was  the  lowest  ever 
recorded,  so  in  1873  it  was  the  next  lowest  For  1854  we  have  no 
records. 

The  clue  given  by  the  storm-cycle  years  discovered  by  Mr.  Hutchins 
has  led  to  the  second  definite  conclusion  regarding  the  annual  changes 
in  the  belt's  latitude.  In  1888  and  in  each  alternate  9th  and  10th  year 
before  it^  the  belt  lay  a  little  north  of  lat.  30°,  in  its  mean  cyclical 
position;  and  north  of  this,  good  reasons  exist  for  believing  that  its 
entire  oscillation  up  and  down  was  a  regular  progressive  movement.  If 
this  was  continued  south  of  the  mean  position  and  was  of  a  similar 
character,  it  ought  to  be  possible  to  determine  the  position  it  occupied 
in  1883  or  1884,  when,  according  to  the  cycle  of  9*5  years,  it  was  in  its 
most  southerly  position.  From  this  the  extreme  range  of  the  belt  might 
be  obtained  approximately. 

Amongst  the  droughts  of  South  Africa  recorded  by  Mr.  Hutchins, 
that  of  1882-1885  over  the  south-western  districts  and  the  Cape  Peninsula 
holds  a  prominent  place.  He  writes  of  it,  "  Thus  the  drought  (ending 
with  1885)  is  one  of  the  severest  that  have  occurred  in  recent  years  in 
South  Africa  ...  it  lasted  for  the  considerable  length  of  4  years  ...  it 
broke  up  in  the  spring  (at  the  end)  of  1885  " ;  and  he  records  that  in  1884 
there  was  a  general  dying  out  of  the  black  ironwood  trees  in  the  district. 
As  far  north  as  King  WiUiam's  Town  (lat.  33°)  he  found  that  the  drought 
broke  up  by  the  end  of  1885  ;  but  he  specially  mentions  that  at  Aliwal 
North,  which  is  on  the  same  meridian,  but  in  lat.  31°,  it  did  not  break 
up  till  1887.     This  is  the  year  when  the  belt  had  reached  lat.  30°  and  was 
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going  north,  and  we  should  therefore  expect  the  drought  to  continue  at 
lat.  31''  until  the  belt  had  passed.  The  mean  barometric  pressure  for 
the  year  1884  at  the  Cape  Observatory  was  exceptionally  high,  being 
the  fifth  highest  of  the  series  1841-1905,  whereas  that  for  1883  was 
about  the  mean.  We  therefore  conclude  that  the  belt  was  in  its  most 
southerly  position,  not  far  from  the  latitude  of  the  Cape  Observatory 
(lat.  34^),  in  1884,  and  that  it  took  the  same  length  of  time  to  rise  from 
that  latitude  to  its  mean  position  in  1888  as  it  took  to  reach  its  most 
northerly  position  in  1893,  viz.,  4  to  5  years. 

This  can  easily  be  put  to  the  test,  for  in  1850  and  1869  the  belt 
was  in  the  same  mean  cyclical  position  as  in  1888,  and  4  to  5  years 
previous  to  these  dates  it  would  be  occupying  the  same  southerly  position 
relative  to  the  Cape  Observatory  and  the  Cape  Peninsula  as  in  1884. 
We  should  therefore  expect  to  find  that  similar  meteorological  conditions 
prevailed.  From  Buchan^s  analysis  of  the  Cape  rainfall  from  1841  to  1894 
it  is  seen  that  he  points  out  the  years  1864,  1865,  and  1866  as  the  three 
driest  consecutive  years  of  the  54,  the  rainfall  for  1865  being  over  10 
inches  below  the  mean,  while  Mr.  Hutchins  gives  the  whole  period  from 
1863  to  1868  as  one  of  drought  over  this  district.  Similarly  the  rain- 
fall of  1845  is  given  by  Buchan  as  8  inches  below  the  mean,  and  Mr. 
Hutchins  records  a  drought  round  1845  which  he  describes  as  most 
intense  in  1844.  Livingstone  in  his  Travels  also  mentions  this  drought 
as  most  severe,  and  lasting  from  1842  to  1846.  The  barometric  pressure 
for  the  years  1845,  1865,  and  1884  is  as  follows: — 

TABLE  XIII. — Barometric  Pressure,  Royal  Observatory,  Cape  Town, 
Monthly  Means,  1845,  1865,  and  1884. 


Year. 

Jan. 

Feb. 

March. 

April. 

May. 

June. 

ins. 

ins. 

ins. 

ins. 

ins. 

ins. 

1846 

29-951 

29-983 

300072 

30-055« 

30082 

302301 

1866 

.963» 

•927 

29934 

-022 

•054 

•208« 

1884 

•945 

.917 

•963 

29984 

•054 

-207* 

1841-1900 

928 

922 

956 

30013 

057 

-128 

Year. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Mean. 

ins. 

ins. 

ins. 

ins. 

ins. 

ins. 

ins. 

1846 

30162 

30-184* 

30-050 

80064 

30-011 

29964 

80-067* 

1866 

•121 

.120 

-062 

29991 

-0611 

•925 

-032 

1884 

.2248 

-143 

-107 

30-035 

•01810 

•953 

.046» 

1841-1900 

•157 

124 

•096 

-037 

29-989 

•948 

•029 

Note.— 1,  2,  S,  4,  6,  6,  10  are  the  highest,  second,  third,  etc.,  highest  of  the  series  1841-1905. 

From  this  table  we  learn  that  some  exceptionally  high  pressures 
occurred  in  each  of  the  years,  those  for  the  month  of  June  being  the 
first,  the  third,  and  the  fourth  highest  for  the  65  years;  and  the  annual 
means  for  1845  and  1884  the  highest  and  the  fifth  highest  respectively. 
If  the  inquiry  is  extended  to  1903,  the  next  year  in  which  the  belt 
reaches  its  most  southerly  position,  exactly  the  same  anticyclonic  condi- 
tions are  found  to  prevail  at  the  Cape.  In  the  Meteorological  Com- 
mission's Report  for  this  year  it  is  described  as  "one  of  exceptionally 
severe  drought  lasting  throughout  the  year,  unusually  low  mean 
temperatures,  long-continued  and  severe  frosts,  and  a  fairly  high  per- 
centage of  cloud."  The  mean  annual  pressure  was  the  ninth  highest, 
and  the  means  for  February,  March,  and  November,  the  first,  seventh, 
and  fourth  highest  of  the  65  years. 


Digitized  by 


Google 


EAWSON— ANTICYCLONIO  BELT  OF  SOUTHERN  HEMISPHEEE     181 

All  these  facts  support  the  view  that  in  1884  the  belt  lay 
approximately  over  lat  34°,  and  as  it  was  found  in  1888  lying  a  little 
to  the  north  of  lat.  30°  its  change  of  latitude  amounted  to  about  4^°,  or 
1°  of  latitude  a  year.  Its  range  in  9*5  years  would  therefore  be  9|°, 
and  in  1893,  when  it  reached  its  extreme  northerly  position,  it  would 
lie  approximately  over  lat.  24^°.  In  Buchan's  isobaric  chart  for  July, 
which  he  published  in  1869,  the  action-centre  is  shown  centrally  placed 
over  lat.  24°,  and  this  is  the  most  northerly  position  I  have  found  it  to 
occupy  in  any  of  the  charts.^ 

The  following  table  gives  the  years  in  which  the  belt  reached  its 
extreme  northerly  and  southerly  and  mean  positions  since  barometric 
records  were  commenced  in  South  Africa,  and  it  summarises  the  analysis 
that  has  been  made  of  its  cyclical  changes  of  latitude. 

TABLE  XIV.— Cyclical  Changes  op  the  Belt's  Latitude  and  Yeabs  op 

AEACHING   ITS  EXTREME  AND  MeAN   POSITIONS. 

Anticyclonic  Belt  Latitude.                                 Years.  IntervaL 

Extreme  Northerly  Position  24^**  S.  1865,  1874,  1893  19  years 

Mean  Position     .        .        .  29F  S.  1860,  1859,  1869,  1878,  1888,  1898  9-6  „ 

Extreme  Southerly  Position  34^   S.  1845,  1865,  1884,  1903  19      „ 

This  table  should  only  be  regarded  as  a  first  attempt  to  detennine 
the  positions  of  the  anticyclonic  belt  as  it  performs  its  double  oscillation 
in  a  period  of  19  years.  But  it  explains  in  a  simple  manner  and 
correlates  all  the  principal  meteorological  featiu'es  which  have  been 
referred  to  in  this  inquiry. 

1.  Isobaric  charts  must  necessarily  differ  when  they  do  not  refer  to 
the  same  years.  Those  which  include  a  long  period,  such  as  from  1856 
to  1899,  are  giving,  the  table  shows  us,  the  mean  pressure  resulting  from 
two  complete  oscillations  and  a  half  of  the  belt,  and  the  action-centres 
will  cover  a  wide  area  from  north  to  south,  as  Table  II.  showed  to  be  the 
case.  In  Table  III.  the  centres  in  June  and  July  were  found  occupying 
a  more  southerly  mean  position  in  the  period  1885-1894  than  in  1870- 
1884.  We  now  see  that  during  the  latter  period  the  belt  travelled  twice 
over  the  latitudes  north  of  its  mean  position  and  only  once  over  those 
south  of  it,  whereas  during  the  10  years  1885-1894  the  belt  was  making 
practicaUy  one  journey  from  south  to  north.  The  change  in  the 
latitude  of  the  belt  which  Mohn's  charts  indicate  to  have  taken  place 
between  1879  and  1883  is  in  accordance  with  Table  XIV.,  which  shows 
that  the  belt  was  moving  south  from  1878  to  1884. 

2.  The  examination  of  the  winds  at  the  Cape  Observatory  during 
the  years  1896-1900,  as  compared  with  those  for  1842-1855,  1862-1865, 
led  to  the  detection  of  an  increased  prevalence  of  North-west  wind  in 
the  former  years,  and  of  a  monsoon  influence  which  was  not  traceable  in 
the  latter.  Table  XIV.  shows  that  from  1896  to  1900  the  belt  was  always 
much  to  the  north  of  the  Cape  latitude,  and  that  the  North-west  wind 
of  its  southern  edge  would  necessarily  prevail  to  a  great  extent  in  the 
months  of  June-August.     During  the  periods  1842-1855,  1862-1865,  the 

'  In  Clement  Ley's  Cloudland  (published  1894)  the  isobaric  chart  shows  the  action- 
centre  in  a  similar  northerly  position.  His  isobaric  charts  of  1879  and  1894  deserve  more 
consideration  than  they  have  received. 
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belt  was  for  12  years  out  of  the  18  south  of  its  mean  latitude,  and  this 
would  lead  to  the  monsoon  influence  being  masked. 

At  the  Durban  Observatory  the  great  prevalence  of  North-west  wind 
in  1892-1894  and  the  decrease  in  1902-1904  find  a  ready  explanation 
in  Table  XIV.,  which  shows  that  the  belt  was  in  its  extreme  northerly 
position  in  1893,  and  in  its  extreme  southerly  position  in  1903.  The 
lateness  of  the  establishment  of  the  South  African  system  on  land  in 
1901-1904,  which  is  pointed  out  in  Table  IV.,  and  the  occurrence  of 
North-easterly  wind  at  the  same  time,  are  just  what  would  result  from 
the  belt  occupying  ite  extreme  southerly  position  in  those  years.  In 
connection  with  this  point  it  is  significant  that  in  the  Meteorological  Cliarts 
of  the  Southern  Ocean  between  Cape  of  Good  Hope  and  New  Zealand,  which 
cover  the  long  period  from  1855  to  1895  and  include  two  complete 
double  oscillations  of  the  belt,  an  action-centre  within  an  isobar  of  30 '3 
ins.  is  found  in  July  south  of  lat,  30""  and  to  the  south-east  of  Natal. 
Nothing  similar  appeal's  on  any  charts  covering  a  short  period.  As  the 
belt  persists  for  some  time  over  the  same  area  during  the  end  of  its 
oscillation,  it  is  only  to  be  expected  that  charts  for  a  long  period  should 
show  a  centre  in  such  a  position. 

3.  The  important  change  in  the  latitude  of  the  southern  cloud-belt 
during  the  years  1893  to  1897,  which  was  detected  by  the  Natal 
Government  Astronomer  to  have  shifted  far  farther  north  than  its  usual 
range,  is  now  seen  to  be  directly  connected  with  a  similar  shifting  of  the 
anticyclonic  belt.  This  leads  to  the  inference  that  the  whole  of  the 
zones  have  a  cyclical  progressive  movement  similar  to  that  of  the  belt 

4.  The  exceptionally  heavy  rainfall  and  the  severe  droughts  which 
have  occurred  both  in  the  south-western  and  in  the  eastern  districts  of 
South  Africa  are  all  found  to  be  related  to  the  position  of  the  belt  at 
the  time,  and  the  necessity  for  considering  the  eastern  rainfall  to  be 
primarily  diflferent  from  the  Atlantic  rainfall  is  shown  by  Table  XIV, 
to  have  no  foundation  in  fact.  The  cause  of  exceptional  barometric 
pressure  is  also  traceable  to  the  cyclical  progressive  movement  of 
the  belt 

The  hypothesis  that  the  belt  is  always  changing  its  latitude  appears 
to  be  the  clue  to  South  African  meteorology,  and  on  turning  to  Mr. 
Russell's  conclusions  regarding  that  of  Australia  there  seems  to  be  a 
cyclical  variation  of  the  belt  there  also,  which  corresponds  very  closely 
with  that  which  is  given  in  Table  XIV.  He  was  led  to  advance 
the  theory  that  there  is  a  general  periodic  recurrence  of  seasons 
every  19  years,  and  that  during  every  cycle  of  19  years  there  are 
two  periods  of  good  seasons,  and  two  periods  of  bad  seasons,  due  to 
droughts,  besides  minor  fluctuations.  The  Natal  Government  Astronomer, 
in  his  report  for  1896,  has  analysed  and  reduced  to  tabular  form  the 
seasons  experienced  in  Australia  from  1872  to  1896,  and  has  compared 
them  with  those  of  Natal  with  a  view  to  ascertaining  whether  they  are 
the  same  for  both  districts.  Good  seasons  are  those  in  which  good  rains 
fell,  and  bad  seasons  those  in  which  droughts  were  experienced,  and  the 
comparison  is  so  confirmatory  of  the  views  that  have  been  advanced  in 
this  paper,  that  I  reproduce  the  table  as  he  gives  it,  and  the  conclusions 
which  he  draws  from  it  in  his  own  words.  I  have  already  referred  to 
his  frequent  mentions  of,  and  belief  in,  the  shiftings  of  the  anticyclonic 
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and  cloud  belts  over  Natal.  In  the  following  table  the  rainfall  is  that 
of  the  whole  wet  season,  from  about  the  end  of  August  to  the  middle 
of  May. 

TABLE  XV.— Periodio  Reourrekoe  of  Seasons  in  Australia  and  Natal. 


SSABON. 


1872-3  . 

1873-4  . 

1874-6  . 

1876-6  . 

1876-7  . 

1877-8  . 

1878-9  . 
1879-80 

1880-1  . 

1881-2  . 

1882-3  . 

1883-4  . 

1884-6  . 

1886-6  . 

1886-7  . 

1887-8  . 

1888-9  . 
1889-90 

1890-1  . 

1891-2  . 

1892-3  . 

1893-4  . 

1894-^  . 

1896-6  . 


GhAractar  in  Australia. 


As  Experienced  in  Natal. 

^ " .      t * . 

According  to  Theory.       As  Experienced.     BainfalL.       Character. 

ins. 


Remarks. 


Good 

Good 

Drought 1 

Drought  j-Drought 

Drought  J 

Average^ 

Good      j-Farourable 

Average  j 

Drought 

Good 

Average 

Droughty 

DroSfhtf^''^^^^* 

Drought; 

Average 

Good      ' 

Good 

Average 

Average 

Good 

Average" 


-Favourable 


Good 

Good 

Bad 

Bad 

Bad 

Good 

Good 

Bad 

Bad 

Good 

Good 

Bad 

Bad 

Bad 

Good 

Bad 

Good 

Good 

Good 

Bad 

Bad 

Good 

Bad 

Bad 


47-89 

60*68 

49-92 

63-02 

38-16 

34-07 

34  06 

47-32 

36-77 

34-64 

41-73 

39-67 

39-10 

39-78 1 

28-42 

34-32 

34-26 

28-83 

42-88 

80-86 

66-98 

66-60 

64-81 

86-17 


Favourable 


Good 

Good 

Good 

Good. 

Bad) 

Bad  VDrought 

BadI 

Good 

Average 

Bad 

Average 

Average 

Average 

Average 

Bad^ 

Bad  f  Dro^ht 

Badj 

Average 

Bad 

Good] 

Good  VFavourable 

GoodJ 

Average 


1  An  arithmetical  error  has  been  corrected. 


The  Natal  Astronomer  writes  with  regard  to  this  table :  "  It  will  be  seen 
that  the  character  of  the  seasons  as  experienced  in  Australia  accords  fairly 
well  with  the  theory  .  .  .  but  that  the  Natal  seasons  are  by  no  means  in 
accord  with  those  experienced  in  Australia,  and  the  theory  as  set  forth 
does  not  correctly  indicate  the  value  of  the  Natal  seasons.  If  there  be 
any  connection  between  the  characters  of  the  Natal  and  Australian 
seasons  such  as  must  be  the  case  if  the  theory  be  correct,  it  must  be  that 
there  is  an  interval  of  (me  or  more  years  between  the  corresponding  phases  of  the 
cyde  as  manifested  in  Natal  and  Australia,  On  careful  comparison  it  will 
be  seen  that  there  is  some  ground  for  such  an  idea,  and  that  the  Natal 
cycle  follows  the  Australian  cycle  at  an  interval  of  two  or  three  years. 
Thus  the  minor  Australian  drought  of  1874-1877  was  followed  two  years 
later  by  the  Natal  di-ought  of  1876-1879  ;  and  the  major  Australian 
drought  of  1883-1887  was  followed  three  years  later  by  the  Natal 
drought  of  1 886-1 890."  The  words  I  have  italicised  direct  our  attention  to 
the  relative  latitude  of  Natal  to  the  extreme  positions  of  the  belt  in  1874- 
1877  and  1883-1887,  when  Australia  experienced  its  droughts.  If  we 
refer  to  Table  XIV.  we  see  that  all  the  droughts  in  Australia  correspond 
with  the  period  when  the  belt  was  at  the  extreme  end  of  its  oscillations, 
and  Mr.  Kussell's  theory  probably  rose  out  of  the  existence  of  the  belt's 
double  oscillation  over  Australia.  The  droughts  in  Natal,  as  we  have 
already  seen,  occurred  as  the  belt  passed  to  and  fro  over  the  country.  In 
the  Natal  report  for  1893  the  Government  Astronomer,  when  discussing 
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Mr.  Busseirs  views  regarding  a  19-year  cycle,  having  two  periods  of  good 
and  bad  seasons,  refers  to  the  southern  anticyclonic  belt  and  writes :  **  As 
the  position  of  this  belt  probably  is  cyclic  in  character,  with  a  period 
approaching  9  years  or  a  multiple  thereof,  a  knowledge  of  its  position 
and  condition  for  the  preceding  years  will  afford  the  means  for  judging 
of  its  probable  character  for  the  coming  year  and  thus  for  predicting  the 
nature  of  the  coming  season.  If  further  investigation,  founded  on  the 
comparison  of  the  observations  made  in  Natal  with  those  made  at  the  other 
observatories  of  the  zone,  lead  to  the  confirmation  of  these  results,  then 
just  as  it  will  be  possible  to  utilise  the  observations  made  here  to  give 
timely  warning  to  the  Australian  colonies  of  the  approach  of  atmospheric 
disturbances,  so  in  turn  will  it  be  possible  for  us  to  receive  early  warning 
of  approaching  storms  from  either  Australia  or  South  America."  He 
never  reverts  to  this  cyclic  motion  of  the  belt  again,  but  this  testimony  to 
the  correctness  of  the  views  that  have  been  advanced,  which  suggested 
themselves  to  the  writer  quite  independently,  when  analysing  the  move- 
ments of  anticyclonic  systems  in  the  northern  hemisphere,  is  of  the 
greatest  value  and  importance. 

Cyclical  Changes  in  Laiiiude  are  not  confined  to  the  Southern  Anticyclonic  Belt. 

Such  a  change  in  the  latitude  of  the  southern  anticyclonic  belt, 
amounting  probably  to  9°  or  10°  of  latitude,  must  effect  some  great 
alteration  in  that  of  the  equatorial  belt  as  well.  In  the  reports  recently 
published  by  the  Director  of  the  Egyptian  Survey  Department  the  move- 
ments of  the  equatorial  rain-belt  and  the  rainfall  which  results  over  the 
Upper  Nile  basin  are  gone  into  in  great  detail.  He  points  out  the  con- 
nection which  exists  between  the  two,  and  gives  the  following  table  of  the 
ratios  of  the  Nile  floods  each  year  of  the  period  from  1869  to  1905,  to 
the  mean  flood  during  the  34  years  1869-1903. 

TABLE  XVI.— Ratios  of  Annual  Nile  Floods  to  Mean  Flood. 

Ist  Series.  1809.     1870.     1871.     1872.      1878.     1874.      1876.     1870.     1877.    1878.    1879.     BAinarks. 
Floods   lis    1-28    1-06    1-11    0-84    1-26    1*10    1*09    070   1-26   1-14  In  exoeas 

2nd  Series.  1880.     1881.     1882.     1888.     1884.     1885.     1886.     1887.     1888.  Remarks. 

Floods   0-98    0-98    0*84    1-04    0*88    0*99    0-91     1*19    0*72  Deficient 

3rd  Series.  1889.     1890.     1891.     1892.     1898.     1894.      189fi.      1896.    1897.     1898.  Renisrks. 

Floods   100,1-12    1-01    1-20    0*99    1*22    1*15    1*06    0*89   1*07  In  excess 

4th  Series.  1899.     1900.     1901.     1902.     1908.     1904.     1905.  Remarks. 

Floods   0*68    0-89    0*87    0*68    0*89    0*75    0*66  Deficient 

In  this  table  the  period  1869  to  1905  is  seen  to  divide  itself  quite 
distinctly  into  four  series.  The  first  series,  1869-1879,  consisted  of  floods 
which  were  in  excess ;  the  second  series,  1880-1888,  of  those  which  were 
below  the  average  of  the  thirty-four  years  ;  the  third  series,  1889-1898,  of 
'  those  which  were  again  in  excess;  and  the  fourth  series,  1899-1905,  of 
those  which  were  deficient.  On  referring  to  Table  XIV.  the  first  and 
third  series  are  found  to  correspond  with  remarkable  exactness  to  the 
years  when  the  southern  anticyclonic  belt  was  north  of  its  mean  position, 
while  the  second  and  fourth  series  contain  nothing  but  years  when  the 
belt  was  south  of  it.     I  may  remind  you  that  the  years  of  the  belt's 
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mean  cyclical  position  are  the  storm -cycle  years  discovered  by  Mr. 
Hutchins,  and  not  years  which  I  selected  in  any  way. 

As  Sir  John  Eliot  has  already  pointed  out  a  connection  between  the 
Nile  floods  and  the  rainfall  in  India,  and  Sir  Norman  Lockyer  has 
demonstrated  that  both  of  them  have  a  relation  to  the  periods  of  maxima 
and  minima  sunspots,  there  are  good  grounds  for  thinking  that  both  the 
northern  and  southern  anticy clonic  belts  move  in  harmony  with  one 
another,  and  in  consequence  of  an  external  force. 

If  we  wish  to  find  an  analogy  for  such  a  shifting  in  the  latitude  of 
our  belts  we  have  only  to  turn  to  the  planet  Jupiter.  Since  1891  the 
Jupiter  section  of  the  British  Astronomical  Association  has  been  investigat- 
ing the  movements  of  the  belts  of  Jupiter,  and  has  established  conclusively 
that  they  shift  their  latitude.  The  annual  reports  find  analogies  to  our 
terrestrial  trade-winds,  and  frequently  refer  to  rifts  in  the  atmosphere 
resembling  **  cyclones  "  and  to  the  "winds  "and  clouds  of  Jupiter.  A 
large  number  of  drawings  of  the  planet's  disc  accompany  the  reports,  and 
the  shifting  of  the  two  important  bands  on  each  side  of  the  equatorial 
band  can  be  followed  during  the  course  of  each  apparition,  in  some  years 
closing  in  upon  the  band,  and  at  others  opening  out  from  it.  In  1898 
they  are  to  be  found  closer  to  one  another  than  in  any  other  year  from 
1891  to  1904,  and  for  some  portion  of  the  apparition  they  entirely 
obscure  the  equatorial  band.  After  1898  they  move  outwards  to  positions 
very  similar  to  those  they  occupied  in  1891.  It  is  significant  that  in  the 
year  1898  Jupiter  was  farthest  from  the  sun,  and  this  fact  may  have  an 
important  lesson  contained  in  it  for  us.  For  the  natural  inference 
would  be  that  the  periods  of  maxima  and  minima  sunspots  would  affect 
the  latitude  of  our  belts  in  a  similar  manner,  and  give  rise  to  periodic 
variations  in  our  weather  such  as  have  been  discovered.  It  is  reasonable 
that  thid  should  be  the  case,  but  Mr.  Hutchins'  examination  of  the  sun- 
spot  cycle  demonstrated  that  so  far  as  South  Africa  was  concerned  the 
storm  cycle  of  9*5  years  was  more  marked  in  the  records  tban  that  of 
the  sunspots.  In  some  cases  the  latter  was  mitigated,  and  in  others 
masked  altogether  by  the  former.  It  would  almost  appear  that  some 
other  cause,  not  yet  discovered,  must  be  sought  for  to  account  for  such 
changes  in  the  belt's  latitude  as  have  been  traced  to  be  taking  place  in 
South  Africa.  In  the  previous  inquiry  into  the  movements  of  some  of 
the  permanent  anticyclonic  systems  in  the  northern  hemisphere,  the 
conclusion  was  arrived  at  that  between  1881  and  1891  a  definite  change 
took  place  in  the  latitude  of  their  tracks.  The  present  paper  suggests, 
if  it  does  nothing  more,  that  in  the  year  1884  the  southern  anticyclonic 
belt  reached  its  most  southern  position  and  began  to  come  north  again. 

The  whole  matter  certainly  merits  our  attention,  and  appears  to 
demand  further  investigation. 


DISCUSSION. 

Mr.  F.  C.  Bayard  inquired  whether  there  was  really  an  anticyclonic  belt 
round  the  southern  hemisphere,  or  whether  it  was  a  series  of  anticyclones 
without  any  belt,  running  east  and  weet,  which  took  a  definite  path  one  time, 
and  another  definite  path  another  time. 

Thb  Prbsidbnt,  Dr.  H.  R.  Mill,  said  that  he  wished  to  say  how  highly 
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he,  personallj,  had  appreciated  Colonel  Rawson's  paper,  and  the  extremely  clear 
way  in  which  the  various  points  were  set  forth.  When  they  considered  such 
phenomena  as  temperature  or  rainfall  they  were  dealing  with  things  influenced 
by  a  great  variety  of  causes,  but  the  distribution  of  atmospheric  pressure  was 
the  determining  cause  of  the  whole  range  of  weather,  for  it  had  the  power  of 
guiding  the  systems  which  produced  precipitation  and  gave  rise  to  changes  of 
temperature.  He  believed  that  the  variations  of  rainfall  from  year  to  year  over 
the  British  Isles  must  be  accounted  for  by  some  difference  in  the  direction  of  the 
paths  of  the  pressure  systems  which  passed  over  the  land.  There  had  recently  been 
a  series  of  consecutive  years,  when  one  strip  of  country,  in  the  east  of  England, 
was  extremely  dry,  and  there  seemed  to  be  no  possible  explanation  of  this  except 
a  divergence  from  the  nonnal  direction  of  the  low-pressure  systems  as  they 
crossed  the  country.  Colonel  Rawson  had  the  advantage  of  dealing  with  a 
region,  the  observations  from  which  had  not  yet  been  subjected  to  much  study 
and  theorising,  but  it  was  one  in  which  the  sequence  of  phenomena  seemed  to 
be  both  simpler  and  more  regular  than  in  Europe,  and  the  outcome  of  his  work 
might  possibly  be  of  the  very  greatest  importance.  They  were  now  in  a  period 
when  the  science  of  meteorology  in  the  southern  hemisphere  was  being  rapidly 
advanced.  There  had  been  a  great  development  in  Australia  by  the  formation 
of  a  Federal  Meteorological  Service,  New  Zealand  was  going  ahead,  the  different 
South  African  Colonies  were,  he  hoped,  soon  to  realise  the  importance  of  a 
general  Meteorological  System,  and  in  the  south  of  South  America  the  greatest 
strides  of  all  were  being  made.  He  considered  that  Colonel  Rawson  deserved 
cordial  thanks  for  the  great  amount  of  labour  he  had  expended  on  an  extremely 
promising  subject 

Colonel  H.  E.  Rawson,  in  reply,  said  that  he  greatly  appreciated  the 
President's  encouraging  remarks.  He  hoped  there  were  others  present  who 
would  take  up  the  subject  with  more  advantages  than  he  had.  He  had  difficulty 
in  obtaining  access  to  the  proper  books  of  reference.  If  they  were  to  take  the 
years  1884  and  1893  as  those  in  which  the  changes  in  the  belt's  oscillations 
had  occurred,  they  would  find  that  even  in  the  northern  hemisphere  important 
results  would  be  obtained.  He  had  carried  the  inquiry  on  to  India,  and  these 
were  found  to  be  peculiar  years  there  also.  With  regard  to  Mr.  Bayard's 
question,  he  did  not  share  the  opinion  of  Mr.  Russell  on  this  point  Our  charts 
still  showed  the  permanent  systems,  which  were  never  absent  from  within  the 
belt  for  a  very  long  period.  In  some  of  the  charts  they  could  see  clearly  that 
the  action-centre  had  a  real  progressive  movement  from  Australia  up  to  South 
Africa  and  back  again.  In  the  early  months  it  was  moving  from  east  to  west, 
and  with  the  change  of  season,  when  the  winter  was  over  in  South  Africa,  it 
began  to  move  from  west  to  east,  and  to  go  back  to  the  vicinity  of  Australia. 
In  the  records  of  Mauritius  its  course  could  be  traced  both  ways  by  the  effects 
upon  the  barometer.  Besides  the  so-called  "  permanent "  anticyclonic  system 
there  were  apparently  secondary  systems  travelling  within  the  belt  quite 
independently  of  the  main  system.  The  main  system  was  generally  much  more 
permanent  over  a  district,  sometimes  prevailing  for  14  days,  while  the  little 
travelling  systems  might  only  stay  at  longest  a  couple  of  days.  At  the  extreme 
ends  of  its  course  the  main  system  would  be  found  over  much  the  same  locality 
for  weeks  together,  as  was  the  case  with  the  Siberian  system  in  winter.  But 
the  whole  matter  requires  much  fuller  consideration  than  it  has  yet  received. 
Captain  M.  W.  C.  Hkpworth,  in  a  communication  to  the  Secretary,  wrote  : — 
"  Much  to  my  disappointment  I  was  unable  to  be  present  to  hear  Colonel 
Rawson  read  his  paper,  of  which  I  received  an  advance  proof,  and  upon  which 
I  beg  to  offer  a  few  remarks.  I  think  with  Colonel  Rawson  that  probably  the 
anticyclones  of  the  great  oceans  have,  in  addition  to  a  seasonal  oscillation,  a 
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movement  that  is  cyclic  ;  but  whether  the  earlier  Pressure  Charts  he  compares 
with  those  of  a  later  date,  in  support  of  his  theory,  are  based  on  a  sufficient 
number  of  observations  to  be  comparable,  seems  to  me  doubtful.     It  is  true 
that  the  South-east  Trades  of  the  Atlantic,  and,  I  may  add,  of  the  Pacific  and 
Indian  Oceans,  are  met  with  farther  north  of  the  equator  in  some  years  than 
they  are  in  others ;  but  there  ie,  I  think,  no  evidence  to  show  that  the  northern 
limit  of  these  Trade  winds  is  farther  north,  or  farther  south,  during  a  number 
of  years  consecutively.     There  can  be  no  doubt  that  variations  in  the  meteoro- 
logical conditions  obtaining  in  South  Africa  are  mainly  the  result  of  change  in 
the  track  taken  by  cyclonic  depressions  in  transit  over  that  continent ;  and 
that  the  track  these  wind  systems  follow  depends  upon  the  position  of  the  high- 
pressure  belt ;  but  the  dominating  factor,  in  my  opinion,  is  the  position  of  the 
South  Atlantic  anticyclone,  the  influence  of  the  high  pressure  lying  over  the 
land  being  comparatively  small.     In  regard  to  the  monsoon  influence  referred 
to  by  Colonel  Rawson  as  having  been  noticed  at  the  Cape  during  the  period 
1896-1900, 1  have  no  recollection  of  a  wind  resembling  a  monsoon  there  during 
the  six  years  1878-1883,  when  I  had  good  opportunities  of  observing  and 
estimating  the  direction  and  force  of  the  wind  on  the  south  and  south-east 
coasts  of  South  Africa.     A  North-west  wind  in  Table  Bay,  and  in  the  neighbour- 
hood of  the  Cape,  was  usually  associated  with  the  passage  eastward  of  a  cyclonic 
or  hemi-cyclonic  wind  system,  and  as  a  rule  the  wind  increased  to  gale  force 
in  winter.     Occasionally  a  steady  North-west  breeze  was  experienced,  when  the 
barometer  stood  at  30*0  in.  or  lower ;  and  was  accompanied  by  rain,  mist,  or 
fog.     Colonel  Rawson  says  that  *  As  long  ago  as  Maury's  time,  it  was  recognised 
that  South-east  winds  blew  out  of  the  north  side  of  the  belt  of  calms,'  etc 
Recent  investigation  has  shown  that  this  time-honoured  idea  requires  modifica- 
tion.    The  wind  blows  from  southward  and  eastward  across,  and  to  the  east- 
ward and  northward  of  the  southern  anticyclones  of  the  oceans ;  and  its  pre- 
vailing direction  to  the  westward  of  the  high-pressure  area  would  be  northerly 
(north-east  to  north-west)  but  for  the  interruption  caused  by  the  passage  of  depres- 
sions travelling  eastward,  and  skirting  the  southern  segment  of  the  anticyclones. 
"  Referring  to  the  connection  Mr.  Nevill  pointed  out,  and  Colonel  Rawson 
has  commented  on,  between  the  excessive  rainfall  in  Natal  of  the  seasons  during 
the  period  1892-1894,  and  the  abnormal  frequency  of  ice  in  the  Southern 
oceans  during  the  period  1901-1903,  it  seems  probable  that  in  consequence  of 
a  considerable  increase  in  the  activity  of  the  polar  currents  in  the  latter  period 
— currents  which  bring  the  ice  from  the  Antarctic  into  lower  latitudes — the 
temperature  of  the  air  flowing  above  them  was   lowered,  and  the  energy  of 
cyclonic  depressions  which  bring  to  South  Africa  much  of  the  rain  increased,  by 
coming  in  contact  with  this  colder  air  ;  the  result  being  increased  precipitation. 
In  connection  with  certain  anomalies  in  rainfall  referred  to  in  the  paper,  and 
with  the  differences  alluded  to  between  the  rainfall  of  the  eastern  and  that  of 
the  western  sea-board,  I  would  point  out  that  the  rainfall  on  the  Atlantic  side 
of  South  Africa  is  associated  with  equatorial  winds  circulating  in  front  of  de- 
pressions progressing  eastward,  pressure  diminishing  and  temperature  increasing. 
While  the  wind  systems  are  passing  over  the  arid  land  they  part  with  much  of 
their  moisture,  and  take  up  little  or  none,  so  that  when  the  system  is  approach- 
ing the  eastern  sea-board  this  equatorial  wind  is  accompanied  by  a  bright  sky 
and  genial  weather.     It  then,  however,  becomes  a  sea-wind,  bringing  with  it 
a  fresh  supply  of  moisture  ;  especially  as  it  nears  the  coast,  when  an  increasing 
amount  of  moisture  is  drawn  from  the  humid  atmosphere  above  the  warm 
Agulhas  current      The  sky    clouds  over    as   the  trough   of  the  depression 
advances  towards  the  sea  and  the  air  is  near  the  point  of  saturation.     After  the 
trough  of  the  depression  has  passed,  and  the  wind  has  shifted  to  westward  or 
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south- westward — cold  winds  drawn  largely  from  high  latitudes — the  rain  de- 
scends, and  continues  to  fall  as  the  barometer  rises  and  temperature  falls. 
Similar  conditions  obtain  in  Australia  ;  the  west  coast  has  its  rainfall  with 
equatorial  winds,  falling  mercury,  and  rising  temperature  ;  the  east  coast  with 
polar  winds,  rising  mercury,  and  falling  temperature.  I  consider  Colonel 
Rawson's  paper  a  very  valuable  contribution." 


Ships  Struck  by  Lightning. 

Ships  remote  from  the  land  are  seldom  damaged  by  lightning,  despite  the 
fact  that  some  of  the  most  awe-inspiring  displays  of  atmospheric  electricity  are 
frequently  witnessed  by  those  on  board  of  them.  Standing  rigging,  and  even 
parts  of  the  running  gear,  are  now  made  of  steel  wire  ;  and  this  substitute  for  the 
old-fashioned  hemp  serves  the  purpose  of  a  lightning-conductor  when  the  ship  is 
not  fitted  with  such  an  aid  to  safety.  The  electric  current  is  conveyed  down 
the  wire  rigging,  and  reaches  the  sea  through  the  vesseVs  metal  hull.  Damage 
only  occurs  if  the  current  be  interrupted  on  its  way  to  earth.  In  a  com- 
paratively large  proportion  of  instances  the  fore-royal  truck  is  struck  by 
lightning  ;  that  of  the  main  less  frequently  ;  and  the  roizzen  least  of  the  three. 
Very  serious  casualties  under  this  head  occurred  to  warships  and  merchant 
vessels  in  the  days  of  wooden  hulls  and  hempen  rigging.  In  July  1802,  as 
thirteen  sail  of  the  East  India  Company  were  trying  to  round  the  Cape  in  the 
vicinity  of  Algoa  Bay,  homeward  bound,  two  of  them,  the  Britannia  and  the 
Bombay  Castle^  were  struck  by  lightning.  The  foremast  of  each  was  soon 
enveloped  in  flames,  and  the  two  masts  had  to  be  cut  away  in  order  to  save  the 
ships  and  their  combustible  cargoea  A  heavy  gale  was  blowing,  the  night  was 
dark,  and  the  other  ships  of  the  fleet,  which  were  hove-to  at  the  time,  were 
witnesses  of  this  thrilling  incident. 

Many  vessels  are  now  fitted  with  lightning-conductors  of  approved  types, 
lest  the  wire  rigging  should  fail  to  carry  off  the  electric  current.  In  May  1896, 
shortly  after  a  severe  thunderstorm  accompanied  by  lightning  and  rain  in  3°  S., 
87'  E.,  the  P.  &  O.  steamship  Victoria,  Captain  W.  D.  G.  Worcester,  R.N.R,  had 
a  sudden  increase  of  deviation  amounting  to  6°  in  both  the  standard  and  the 
wheel-house  compasses,  and  later  on  it  was  discovered  that  the  lightning-con- 
ductor on  the  fore  had  fused.  The  ship  must  have  been  struck  by  lightning 
during  the  storm.  At  10*55  on  the  night  of  December  29,  1907,  in  35"  50' 
N.,  21**  20'  E.,  the  P.  &  0.  steamship  Britannia,  under  the  command  of  Captain 
S.  Bareham,  outward  bound  to  Sydney,  N.S.W.,  came  under  the  influence  of 
a  heavy  thunderstorm,  accompanied  by  vivid  lightning,  a  deluge  of  rain,  and 
very  large  hailstones.  A  strong  West-north-west  breeze  was  blowing,  the 
external  air  temperature  in  the  shade  was  60°,  and  the  corrected  and  reduced 
barometer  reading  was  29*67  in.  This  weather  continued  till  5.30  on  the 
morning  of  the  30th,  in  35°  0'  N.,  23°  20'  E.,  and  it  was  discovered  that 
during  the  night  the  fore  lightning-conductor  had  been  fused  in  places,  and 
that  the  strands  of  the  last  10  feet  of  it  had  been  opened  out  Neither  the 
Victoria  nor  the  Britannia  was  injured,  and  this  immunity  from  injury  was 
doubtless  due  to  the  presence  of  lightning-conductors. — Monthly  Meteorological 
Charts  of  the  North  Atlantic  and  Mediterranean,  June  1908. 
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RESEARCHES  ON  THE  COMPOSITION  OF  AIR  AT  GREAT 
ALTITUDES,  WITH  SPECIAL  REFERENCE  TO  ARGON 
AND  ITS   ALLIES. 

By  L.  TEISSERENC  DE  BORT,  r.R.MetSoc. 

Thb  attention  of  men  of  science  has  long  been  directed  to  the  question 
of  the  composition  of  air  at  various  heights  in  the  atmosphere,  and  from 
the  time  of  the  first  employment  of  baHans-sondes  by  Hermite  and 
Be8an9on,  several  attempts  have  been  made  to  collect  air  from  great 
heights  by  means  of  apparatus  designed  by  M.  Caillete,  and  one  of  these 
was  successful.  The  quantity  of  air  obtained  was  almost  two  litres,  and 
it  was  analysed  by  M.  Muntz,  who  found  argon  present  in  the  normal 
proportion. 

The  existence  of  an  isothermal  layer  in  the  atmosphere  was  dis- 
covered some  years  ago  by  our  work  with  baHons-sondes,  and  has  been 
demonstrated  also  in  the  region  of  the  tropical  Atlantic  by  the  cruise 
of  the  Otariaj  and  under  the  Arctic  circle  by  our  Franco-Swedish 
expedition.  The  idea  suggested  itself  to  some  people  that  this 
phenomenon  of  the  stoppage  of  the  diminution  of  temperature  might  be 
accounted  for  by  some  distinct  difference  in  the  composition  of  the  air 
at  high  altitudes.  Although  I  did  not  myself  share  this  view,  and  had 
suggested  a  dynamical  explanation  of  the  isothermal  layer,  it  seemed 
to  me  to  be  none  the  less  interesting  to  investigate  the  composition  of 
the  upper  air.  My  explanation  was  based  upon  the  absence  of  vertical 
movements  accompanied  by  adiabatic  expansion  in  the  isothermal  layer, 
and  thus  tended  to  represent  the  portion  of  the  atmosphere  as  having 
an  individuality  of  its  own,  and  not  being  mixed  up  by  the  vertical 
movements  of  cyclones  and  anticyclones,  which  tend  to  make  the  com- 
position of  air  uniform  by  constant  agitation  in  the  lower  and  middle 
layer  of  the  atmosphere.  Thus  if  there  is  any  difference  in  the  composition 
of  air  with  altitude,  it  should  be  accentuated  between  the  isothermal 
layer  and  the  portion  of  the  atmosphere  on  which  that  layer  rests. 

As  the  ballonS'Sondes  now  in  use  are  much  smaller  than  Hermite  and 
Be6an9on'8  aerophile,  which  was  an  expensive  structure  of  goldbeater's 
skin,  it  was  necessary  to  utilise  very  small  vessels  for  securing  the 
samples  of  air  from  a  great  height  I  accordingly  set  to  work  to 
devise  a  vessel  which  should  confine  the  air  with  absolute  security, 
dispense  with  stop-cocks,  [the  automatic  closing  of  which  is  difficult  on 
account  of  the  very  low  temperature  of  the  high  atmosphere,]  and  which 
should  enclose  the  sample  of  air  at  a  perfectly  definite  height.  Electricity 
was  the  agent  employed.  The  collecting  vessel  was  a  glass  tube  with  a 
finely  drawn-out  end,  which  was  sealed  after  a  very  perfect  vacuum  had 
been  made  inside.  When  the  tip  of  the  capillary  tube  was  broken  at 
the  desired  height  the  air  was  expected  to  enter  readily,  and  fill  the 
tube,  so  that  it  only  remained  to  fuse  the  capillary  tip  in  order  to  secure 
the  sample.  The  tube  is  opened  by  the  tip  being  broken  off  by  the  fall 
of  a  little  hammer,  released  by  an  electric  contact,  and  it  is  sealed  by 
another  contact  allowing  the  current  from  a  small  accumulator  to  raise  to 
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red  heat  a  platinum  wire  wound  round  the  capillary  tube,  by  which  means 
heat  is  produced  sufficient  to  melt  the  glass.  Both  contacts  can  be 
made  either  by  the  barometer  at  a  pressure  previously  arranged,  or  by 
the  clock-work  of  the  meteorograph,  and  the  whole  operation  is  so  con- 
ducted that  no  impurity  can  possibly  affect  the  air  in  the  tube,  the 
apparatus  being  hung  at  such  a  distance  below  the  balloon  that  there 
can  be  no  trace  of  hydrogen  in  the  air. 

The  apparatus,  as  first  made  on  a  very  small  scale,  secured  several 
little  tubes  of  air  in  July  1907.  I  supplied  several  similar  pieces  of 
apparatus  to  the  Otarici  for  use  on  the  Atlantic ;  but  the  presence  of  salt 
in  the  sea  air  seems  to  have  affected  the  contacts  and  they  did  not  act 
properly 

I  pass  over  the  various  practical  difficulties  which  presented  them- 
selves, and  which  have  not  yet  been  completely  overcome.  The  very 
narrow  limits  of  size  and  weight  within  which  one  had  to  work  made 
the  arrangements  somewhat  difficult,  for  it  was  necessary  to  use  a  very 
light  accumulator  and  a  very  light  glass  receiver,  which  had  also  to  be 
surrounded  by  a  covering  sufficiently  strong  and  well  hung  to  obviate 
the  risk  of  breakage  when  it  came  to  the  ground. 

The  quantity  of  air  collected  was  too  small  to  permit  of  an  ordinary 
chemical  analysis,  and  I  accordingly  decided  to  confine  myself  to  spectrum 
analysis,  paying  special  attention  to  argon,  neon,  and  helium.  I  have  been 
confirmed  in  this  decision  by  Sir  William  Bamsay,  to  whom  I  had  the 
opportunity  of  submitting  this  matter  in  London  in  January  1908. 

I  have  proceeded  by  two  different  methods :  one,  by  absorbing  all 
the  elements  of  the  air  except  helium  and  neon  by  means  of  carbon; 
the  other  by  first  separating  the  argon. 

The  result  of  the  first  experiment  has  proved  the  presence  of  argon 
in  all  the  samples  of  air  taken  between  8000  and  14,000  metres  (5  to 
8  miles)  as  one  would  expect  Helium,  distinguished  by  its  yellow  line 
in  the  spectrum,  has  been  detected  in  most  of  the  specimens,  but  the 
highest  of  all,  that  taken  at  14,000  metres,  showed  no  trace  of  it.  Neon 
was  clearly  discernible  in  every  case.  The  attempts  to  disclose  krypton 
have  not  as  yet  given  any  result,  but  the  experiments  on  this  gas  are  not 
sufficiently  numerous  to  permit  of  forming  an  opinion  on  the  subject 

So  far  there  has  been  no  question  of  quantitative  analysis,  the 
volumes  of  helium  and  neon  being  so  infinitesimal  that  it  will  be 
necessary  to  increase  considerably  the  quantities  of  air  collected,  or  to 
carry  the  technique  of  the  operations  still  nearer  to  perfection  before  a 
quantitative  result  can  be  arrived  at. — Paris,  June  16,  1908. 
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PRIZE  COMPETITION  FOR  TEACHERS. 

With  the  view  of  encouraging  the  teaching  in  schools  of  facts  regarding 
weather  and  climate,  the  Council  of  the  Royal  Meteorological  Society 
invited  elementary  teachers  and  others  to  send  in  for  competition  essays 
on  weather  or  climate,  for  which  prizes  of  £5,  £3,  and  £2  respectively 
were  to  be  awarded. 

The  requirements  were  that  an  original  sketch  of  a  Nature  Study 
lesson  on  weather  or  climate  (not  exceeding  1500  words)  should  be 
sent  in,  together  with  a  brief  summary  of  five  other  lessons  to  cover 
the  whole  subject  of  weather  and  climate. 

The  number  of  essays  sent  in  was  180. 

The  list  of  awards  was  given  in  the  last  number  of  the  Quarterly 
Journal,  pp.  153-154. 

The  essays  by  Mr.  W.  C.  Upshall  and  Miss  A.  B.  Phillips,  who 
obtained  the  first  and  second  prize  respectively,  are  printed  herewith. 
The  essays  were  illustrated  by  diagrams  and  drawings  of  instruments, 
but  these  are  not  reproduced.  The  Society  does  not  hold  itself  responsible 
for  the  statements  made  in  the  essays. 


WEATHER  OBSERVATION   IN   AN   ELEMENTARY  SCHOOL. 
By  W.  C.  UPSHALL,   Brodqhton,  Stockbridge,  Hampshibil 

For  some  years  the  writer  has  included  weather  observation  as  a 
part  of  the  Elementary  Science  teaching  in  the  Upper  Standards — V.,  VI., 
and  VII.— of  a  small  village  boys'  school.  In  the  schoolmaster's  garden 
is  a  small  grass  plot  on  which  stands  a  screen  of  the  Stevenson  pattern, 
and  containing  a  maximum  thermometer,  a  minimum  thermometer, 
■and  dry  and  wet  bulb  thermometers.  On  the  edge  of  the  grass 
plot  is  placed  a  rain  gauge.  A  home-made  barometer  is  mounted  on  the 
school  wall,  making  up  all  the  necessary  instruments  for  observing  and 
recording  weather  observation. 

At  9  a.m.  each  morning  six  boys  are  allowed  to  record  the 
readings  of  the  different  instruments  in  a  note-book  kept  for  the  purpose, 
and  which  is  made  out  each  month  as  follows : — 


Specimen  from  page  showing  one  day's  readings. 

January  7,  1908 

Dry  Bulb  of  Hygrometer 

Wet  Bulb  of  Hygrometer          .... 

48**-6 

48" 

Maximum  Temperature    .... 

.        61' 

Minimum  Temperature     .... 

43" 

Amount  of  Cloud— 0  to  10 

10  Ni 

Bainiall  in  Inches            .... 

•88 

Barometer  20*85  corrected 

29-26 

6V¥. 

Remarks  '^  \^  stormy.    (^  at  night 

W. 

Full  instructions  for  observing  are  given  in   Hints  to  Meteorological 
Observers,  by  W.  Marriott,  F.RMet.Soc.,  Is.  6d. 
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At  the  end  of  each  week  the  boys  graph  the  readings  on  squared 
paper,  and  at  the  end  of  month  the  totals  and  averages  are  found. 

General  Lesson  on  Forecasting  Weather. 

Note, — It  is  not  intended  that  the  whole  of  the  following  should 
be  included  in  one  lesson,  there  being  enough  subject-matter  to  occupy 
several  lessons. 

I.   fFeather  Forecast  for  the  Day, 

(a)  Draw  attention  to  the  general  weather  forecast  for  the  day  in 
the  daily  paper.  Reference  will  very  likely  be  made  to  a  disturbance 
somewhere  in  the  Atlantic.  Produce  a  chart  showing  storm  tracks,  and 
it  will  be  seen  that  the  British  Isles  lie  right  on  the  great  highway  of 
storms  which  can  be  traced  across  the  Atlantic,  and  following,  or  in 
close  proximity  to,  the  course  of  the  Gulf  Stream.  Note  that  the  storms 
do  not  keep  exactly  the  same  track,  or  otherwise  the  same  countries 
would  always  come  under  the  influence  of  the  relatively  same  part 
of  succeeding  storms. 

(b)  A  simple  illustration  of  a  storm  may  be  found  in  the  whirlwinds 
of  dust  seen  in  the  country  at  different  periods  of  the  year.  Such  a 
phenomenon  has  often  been  observed  by  the  boys  at  the  school  from 
which  this  is  sent.  These  volumes  of  dust  whirl  around  and  sweep 
forward  up  the  hill.  It  will  now  be  an  easy  matter  to  show  how 
atmospheric  disturbances  may  be  set  up  by  the  unequal  heating  of  different 
layers  or  portions  of  the  earth's  atmosphere. 

The  land  and  sea  breezes  occurring  in  the  summer-time  should  also 
be  observed  and  made  a  note  of  in  connection  with  the  same. 

IL  A  Cyclone, 

(a)  In  recording  weather  observations  the  boys  will  have  noticed 
that  the  barometer  reads  highest  in  fine  weather  and  falls  as  the  weather 
becomes  stormy.  It  should  now  be  explained  that  every  morning  at 
eight  o'clock  messages  are  sent  to  the  Meteorological  Office  in  London 
from  scores  of  places  throughout  the  kingdom,  telling  the  height  of  the 
barometer  and  the  direction  and  strength  of  the  wind,  along  with  other 
particulars.  The  height  of  the  barometer  is  marked  down  for  each  place 
on  a  blank  map,  and  then  lines  are  drawn  through  all  places  where  the 
heights  of  the  barometer  are  equal.  These  lines  are  called  "  isobars,"  and 
when  so  drawn  always  show  either  a  number  of  concentric  circles  or  a 
spiral. 

Two  charts  illustrating  these  should  here  be  shown  to  the  pupils 
and  explained. 

When  the  barometer  reads  lowest  on  the  inside  we  have  what  is 
known  as  a  cyclone  system,  and  when  highest  in  the  centre  an  anti- 
cyclone. 

The  wind  whirls  towards  the  centre  in  a  cyclone,  rushing  in  from 
all  sides  to  fill  up  the  place  of  the  ascending  warm  air. 

(b)  Some  day  should  be  chosen  when  the  weather  forecast  predicts 
an  atmospheric  disturbance.     The  pupils  should  be  allowed  to  go  outside 


Digitized  by 


Google 


PRIZE  COMPETITION  FOR  TEACHERS  198 

at  various  times— of  course  opportunely — chosen  by  the  teachers,  and 
note  the  atmospheric  conditions,  e.g,  kinds  of  clouds,  direction  of  wind, 
strength  of  wind,  rain,  barometric  height.  All  of  these  should  then  be 
arranged  by  the  teacher  in  proper  sequence,  so  that  the  correct  conclusions 
may  be  drawn. 

The  following  conditions  and  sequence  of  events  may  commonly 
occur: — 

A  fine  bright  morning  with  a  clear  sky.  To  the  west  and  south  may 
perhaps  be  seen  a  faint  haze.  Perhaps  in  comparing  the  direction  of  the 
wind  with  the  previous  day  it  will  have  been  found  to  have  shifted  from 
North  or  North-west  to  West  and  South.  When  the  wind  shifts  in  this 
direction  it  is  said  to  '*  back.''  The  pupils  should  make  a  sketch  thus, 
showing  circular  movement  of  direction  of  wind.  Streaks  of  clouds — 
Cirrus  or  Mare's  Tail — may  be  seen,  and  these  are  followed  by  denser 
streaks,  which  gradually  merge  into  a  mackerel  sky.  As  the  wind 
changed  from  uncertain  gusts  to  a  stormy  gale,  the  clouds  varied  from 
Cirro-Cumulus  to  Cumulus  and  Nimbus,  while  the  rain  increased  from 
a  drizzle  to  a  steady  downpour.  By  this  time  perhaps  the  wind  would  be 
blowing  a  hurricane,  while  the  clouds  drove  across  the  sky  furiously. 

During  this  the  height  of  the  barometer  should  be  noted  every  half- 
hour,  and  the  alteration  graphed  on  squared  paper. 

At  some  period  there  would  be  a  lull  in  the  storm  and  the  graph  of 
the  barometer  at  this  time  stands  lowest.  This  is  called  the  "  eye  of  the 
storm."  Later  on  in  the  day  the  wind  again  increases,  clouds  cover  the 
sky,  and  the  rain  falls  heavily.  The  wind  will  now  be  found  blowing 
from  tlie  East,  North,  or  even  perhaps  North-west.  On  noticing  the 
barometer  we  shall  find  a  steady  rise,  which  should  be  graphed  as  before. 

(c)  The  teacher  should  now  draw  a  diagram  of  what  has  been  observed, 
the  class  copying  it  in  their  note-books. 

Very  often  a  storm  such  as  has  been  described  is  followed  by 
"  secondary  depressions,"  or  smaller  storms  shorter  in  duration,  but  of  no 
less  violence. 

In  connection  with  the  foregoing  the  amount  of  rainfall  occurring 
during  the  gale  should  be  observed  and  recorded.^ 

It  should  be  noted  that  the  front  part  of  a  cyclone  is  always  very 
damp  and  warm ;  the  rear  cool  and  dry.  To  observe  this  readings  of  the 
hygrometer  and  thermometer  should  have  been  taken  and  graphed  on 
squared  paper.  The  lines  showing  readings  of  dry  and  wet  bulb  would 
be  closer  together  at  front  of  storm  than  at  the  rear. 

III.  An  Anticyclone, 

(a)  Just  as  in  the  case  of  the  cyclone,  an  opportune  time  should  be 
selected  for  the  lesson,  and  this  can  be  chosen  from  the  forecast  given  in 
the  daily  paper.  Let  this  be  read  out  to  the  class  by  one  of  its  number. 
It  will  be  necessary  to  extend  the  observations  over  several  days,  noting 
the  readings  of  barometer,  hygrometer,  direction  of  wind,  clouds,  and 
temperature.     All  these  to  be  carefully  graphed. 

^  On  more  than  one  occasion  the  rain  has  been  observed  to  be  coloured,  and  then  the  boys 
have  examined  drops  under  the  microscope.  A  small  quantity  can  be  evaporated  and  the 
sediment  examined  in  the  same  way. 
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Having  thus  made  the  necessary  preliminary  observations  the  lesson 
on  the  anticyclone  can  be  proceeded  with. 

(b)  1.  A  chart  illustrating  the  barometric  readings  over  that  portion 
affected  by  an  anticyclone  should  here  be  shown.  Notice  that  the 
"  isobars  "  are  circular  or  nearly  so,  and  that  the  highest  reading  of  the 
barometer  is  towards  the  centre. 

2.  Tlie  winds  circle  in  the  opposite  direction  to  that  of  a  cyclone, 
being  accompanied  with  blue  sky,  and  pleasant  freshness  of  the  atmo- 
sphere. In  winter  we  have  brisk  frosty  weather,  and  in  summer  misty 
mornings  followed  by  fine  bright  days. 

3.  Point  out  that  in  the  cyclone  the  air  pours  in  towards  the  centre 
and  goes  upwards,  afterwards  to  spread  out  and  descend  down  the  centres 
of  the  anticyclones. 

The  Hygrometer. 

Measuring  the  amount  of  water  vapour  in  the  atmosphere.  Two 
Lessons. 

I.  Absorption  of  Water  by  Solids  cmd  Liquids, 

Experiment  1. — Take  lumps  of  chalk,  sugar,  etc.,  placing  in  a  little 
water  coloured  with  red  ink.  Weigh  these  before  and  after  to  show  the 
amount  of  water  absorbed  in  each  case. 

Experiment  2. — Take  two  beakers  of  the  same  size  and  height  Fill 
one  with  water  to  a  certain  measured  height  from  the  bottom.  Weigh 
beaker  first,  and  then  beaker  and  water. 

Do  the  same  with  the  other  beaker,  using  sulphuric  acid  instead  of 
water. 

Put  both  on  one  side  for  a  few  days  and  then  examine.  Weigh  both 
again,  and  it  will  be  found  that  the  sulphuric  acid  has  increased  both  in 
volume  and  weight.  The  liquid  sulphuric  acid  presumably  has  absorbed 
some  substance. 

II.  Proportion  of  Moisture  in  the  Air, 

An  ordinary  large  jam-bottle — about  200  ccm.  capacity — is  fitted 
with  a  cork  in  which  are  inserted  two  pieces  of  bent  glass  tubing.  Two 
pieces  of  india-rubber  tubing  are  fixed  in  the  end  of  the  bent  glass  tubing, 
one  rubber  tube  being  allowed  to  extend  to  an  empty  beaker  .placed 
below  the  level  of  the  bottom  of  the  bottle,  so  that  when  the  experiment 
starts  the  water  can  be  siphoned  from  the  latter  to  the  former. 

In  the  glass  tube,  which  is  10  ins.  long  and  ^  in.  in  diameter,  is  placed 
some  calcium  chlonde — a  hygroscopic  substance. 

The  tube  containing  the  calcium  chloride  is  carefully  weighed,  replaced, 
and  the  water  allowed  to  run  from  the  aspirator,  afterwards  measuring 
the  volume  of  water  drawn  off.     This  will  represent  the  volume  of  air 
which  has  passed  over  the  calcium  chloride  in  the  tube. 
Now  weigh  the  tube,  finding  its  increase  in  mass. 
All  this  experiment  can  be  performed  by  the  boys  themselves. 
Record  the  results  thus — 

Weights  of  tube  and  CaClj  before  exp.        32*50  grms. 
„  „  „       after       „  33*65      „ 

Increase     .         .1*15      „ 
Vol.  of  HjO  in  bottle  and  therefore  vol.  of  air,  200  ccm. 
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III.  Experiment  with  a  Dry  a/nd  fFet  Bulb, 

(a)  Two  unmounted  thermometers  are  mounted  on  a  retort  stand. 
The  left-hand  bulb  is  covered  with  a  piece  of  muslin  which  dips  into  a 
vessel  containing  water. 

As  soon  as  the  muslin  is  thoroughly  damp  examine  readings  of  the 
bulbs.  Let  the  observation  be  repeated  at  different  intervals  during  the 
day  and  on  successive  days,  graphing  the  results  on  squared  paper. 

(b)  Explain  that  the  lower  reading  of  the  wet  bulb  is  due  to 
evaporation.  In  changing  from  the  liquid  form  to  a  vapour  the  mole- 
cular state  of  the  water  is  changed.  Heat  is  the  force  which  lessens  the 
force  of  cohesion  between  the  molecules  of  water,  allowing  it  to  become 
vapour,  and  this  heat  is  taken  from  the  mercury  in  the  wet  bulb. 


The  Barometer. 
Outline  of  Lesson.     Two  Lessons. 

I.  Pressure  of  the  Atmosphere. 

Experiment  1. — The  sucker  cannot  be  pulled  off  easily,  because  the  air 
is  pressing  on  the  top  of  it,  but  not  on  the  lower  side. 

Experiment  2. — The  paper  does  not  fall  off  the  tumbler  although  the 
glass  is  full  of  water.     This  is  owing  to  pressure  of  air  on  the  paper. 

Experiment  3. — ^The  funnel  has  a  thin  sheet  of  india-rubber  tied  over 
the  top.  When  the  air  is  sucked  out  of  the  funnel  the  india-rubber 
presses  inward  in  the  form  of  a  curve. 

Es^mim^nt  4. — Get  an  air-pump  and  hand-glass.  Allow  several  pupils 
in  turn  to  put  one  hand  on  the  glass  while  the  air  is  being  exhausted. 
Hand  cannot  be  removed.     This  shows  clearly  that  air  has  weight. 

II.  TorricdWs  Experiment. 

(a)  Take  a  barometer  tube  about  34  inches  long  and  fill  it  with 
mercury.  Place  the  thumb  over  the  open  end  and  invert  the  tube, 
removing  it  to  a  cup  of  mercury. 

A  column  of  mercury  now  remains  in  the  tube  about  30  inches  in 
height.     Note  that  30  ins.  =  762  millimetres. 

iP)  Experiment  to  show  that  mercury  stands  at  same  level  when  the 
tube  is  inclined  : — 

When  the  tube  is  in  vertical  position  the  mercury  stands  at  the  height 
of  30  ins. 

On  inclining  the  tube  the  mercury  still  stands  at  the  same  level. 

(c)  Experiment  to  show  that  pressure  of  a  column  of  merciu^y  is 
16  lbs.  to  sq.  inch  : — 

Suppose  the  tube  to  have  an  area  of  1  sq.  inch  in  transverse  section. 
Then  the  mercury  balanced  by  the  atmosphere  consists  of  30  cubic  inches. 

Now  mass  of  1  cu.  inch  of  mercury  =  ^  lb.  nearly. 
.  „         30         „  ,,  =15  lbs. 
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III.  Construction  of  a  Simple  Barometer, 

Procure  a  barometer  tube  about  34  inches  long ;  a  piece  of  rubber 
tubing  about  9  inches  long  and  which  will  fit  the  barometer  tube ;  a 
piece  of  glass  tubing  which  will  also  fit  into  the  rubber  tubing. 

Next  get  a  smoothly  planed  piece  of  pine  wood  about  4  ft.  by  6^ 
inches,  and  on  this  rule  two  red  ink  lines  32  inches  apart.  Carefully  rule 
out  a  scale  of  inches  and  tenths  on  a  piece  of  drawing-paper,  gamming 
it  on  the  board.  A  scale  of  millimetres  may  be  placed  on  the  other 
side,  leaving  just  room  enough  for  the  barometer  tube.  Note  27*4  ins.s= 
696  mm. 

In  order  to  fill  the  tube  fix  the  rubber  tubing  on  the  open  end  of 
the  barometer  tube  and  place  a  small  funnel  in  the  other  end  of  the 
rubber  tubing.  Gently  pour  in  the  mercury  until  it  fills  the  barometer 
tube  and  nearly  three-fourths  of  the  rubber.  Now  take  out  the  funnel 
and  put  the  short  piece  of  glass  tubing  in  its  place. 

It  is  now  ready  to  place  in  position  on  the  board,  to  which  it  is 
secured  by  clips.  This  must  be  done  with  great  care,  or  otherwise  air 
will  get  into  the  vacuum  at  top. 

The  clip  holding  the  glass  tube  at  the  open  end  must  be  made  to 
unscrew  so  as  to  adjust  the  level  of  the  mercury  at  g  each  time  a  reading 
is  taken.^ 

Crook's  Vernier  Kuler,  2s.  6d. — Harling,  London — will  enable  the 
observer  to  read  hundredths  of  an  inch. 

A  piece  of  cotton  wool  in  tube  above  the  open  end  keeps  out  the 
dust. 

IV.  How  to  measure  Heights  above  Sea-Level, 

(a)  Weight  of  atmosphere  varies  with  height  above  sea-level. 

Experiment  imth  Spouting-jar, — Show  that  the  pressure  of  a  column  of 
water  varies  with  the  height  of  the  column. 

The  same  follows  with  a  column  of  air. 

For  every  1000  feet  we  ascend  the  mercury  falls  1  inch; 
approximately,  on  the  other  hand,  in  descending  a  coal-mine  the 
mercury  rises  the  lower  we  go — 1000  ft.  in  descending,  merciu-y  rises 
1  inch. 

{h)  Weight  of  atmosphere  varies  according  to  quantity  of  vapour 
contained. 

Experiment, — Boil  a  flask  of  water  and  note  that  the  vapour  ascends. 
Why  does  it  ascend  1 — ^lighter  than  air. 

Vapour  is  lighter  than  air. 

Note  that  evaporation  is  always  more  or  less  going  on  from  the 
surfaces  of  pools,  streams,  and  seas. 

Moist^  damp  air  is  light ;  dry  air  is  heavy. 

The  Thermometer. 

It  is  here  taken  for  granted  that  lessons  have  been  given  to  the 
pupils  on  the  thermometer  while  in  a  lower  Standard. 


Such  a  one  has  been  made  and  used  by  the  nviiter  for  some  years. 
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L  Gradwaivng  the  Thermometer, 

(a)  The  Freezing  Point. — Place  some  pieces  of  ice  in  a  beaker  and 
notice  the  reading  of  the  thermometer  when  placed  in  it.  If  the  beaker 
be  warmed  so  as  to  melt  the  ice  the  thermometer  reads  the  same  so 
long  as  any  ice  remains  unmelted. 

Use  both  a  Fahrenheit  and  a  Centigrade  thermometer  in  this 
experiment. 

"  Freezing  point  of  water  is  the  melting  point  of  ice." 

Explain  that  the  heat  used  up  to  melt  the  ice,  or,  in  scientific  words, 
"  to  alter  the  molecular  constitution  of  the  solid  ice,"  is  not  recorded  and 
is  known  as  "  latent." 

Freezing  point  marked  32""  on  Fahrenheit  thermometer. 
„  „         „         0°  „  Centigrade  thermometer. 

Take  a  mixture  of  salt  and  ice  and  notice  that  the  melting  ice  then 
shows  a  lower  temperature. 

Tell  the  story  that  when  Fahrenheit  constructed  his  thermometer  he 
supposed  that  0""  F.  was  the  lowest  degree  of  cold  which  was  obtainable. 

(b)  The  Boiling  Point, — Take  a  test  tube  as  in  the  accompanying 
diagram.  When  the  water  boils  note  the  temperature,  making  use  of  both 
a  Fahrenheit  and  also  a  Centigrade  thermometer. 

Note  that  the  mercury  is  stationary  at  boiling  point. 
Explain  that  the  heat  used  up  to  turn  the  water  into  steam,  or,  in 
scientific  words,  "  to  alter  the  molecular  constitution  of  the  liquid  water," 
is  not  recorded  and  is  known  as  "  latent." 

Boiling  point  marked  212°,  Le,  32°  +  180°,  on  Fahrenheit. 
„         „  „       100°  on  Centigrade. 

II.  To  compare  the  Readings  on  Fahrenheit  and  Centigrade  Thermometers, 

(a)  By  diagram  show  that 

100  divisions  Centigrade  =  180  divisions  Fahrenheit 

'^         »  »»  ~      •^        >i  » 

(6)  Maximum  and  minimum  Thermometers. — These  to  be  shown  and 
the  uses  explained — ^and  how  to  read  them. 

(c)  Exercise  in  changing  degrees  Fahrenheit  into  Centigrade.  Let 
each  boy  draw  a  graph.     Practise  in  reading  from  graph,  e,g, 

0°  C.  =  32°  F.  30°  C.  =  86°  F.  60°  C.  =  140°  F. 

Show  that  in  turning  F.  degrees  into  C.  we  must  first  subtract  32°. 
Also  when  changing  C.  into  F.  add  32°. 
Give  exercises  to  be  worked  and  each  pupil  check  on  graph. 


The  Rain  Gauge. 

Principle  of  the  Hain  Gauge, 

(a)  Take  an  ordinary  jar  or  tin  fitted  with  a  funnel  so  as  to  nearly 
resemble  a  rain  gauge.  Now  pour  water  into  the  jar  through  the  funnel 
to  height  of  |  inch.  Next  procure  a  long  narrow  glass  jar,  pouring  the 
water  from  the  ordinary  jar  into  this  one. 

P 
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Take  a  strip  of  paper  the  height  of  the  water  in  the  long  glass  and 
divide  it  into  50  equal  parts.  Paste  it  on  the  narrow  glass  jar  and  it  be- 
comes the  measuring-glass. 

We  are  now  able  to  measure  so  small  a  quantity  as  y^  of  an  inch  or 
•01  inch. 

(b)  By  measurement  we  find  that 

1  gallon  of  water  =  277*274  cubic  inches 
i.e.  Ixbxh  =277-274     „         „ 

Suppose  the  area  of  a  funnel  to  be  2  square  feet. 
2  X  A  =  277-274  cubic  inches 
(2x  144)  ^=277 

A  =  1  nearly. 
Thus  1  inch  of  rain  is  equivalent  to  1  gallon  of  water  spread  over  2 
square  feet. 

(c)  Show  how  to  graphically  record  the  rainfall  collected  day  by  day. 


NATURE  STDDY. 

By  Miss  A.  B.  PHILLIPS,  34  Blythb  Hill,  Catford. 

Scheme  of  Six  Nature  Study  Lessonfl  on  Weather  and  Olimate,  suit- 
able for  children  of  an  Average  Age  of  10  years  in  an  L.C.C.  Elementary 
School. 

1.  An  Autiimn  Morning:  formation  of  Dew,  Mist,  and  Fog. 
A  Winter  Morning :  appearance  and  formation  of  Frost. 

2.  Clouds  :  their  formation,  appearance,  and  movements. 
Eain,  Thunder,  and  Lightning. 

A  Rainbow. 
Hail  and  Snow. 

3.  The  Rain  Gauge.     The  Barometer.     The  Thermometer. 

4.  The  Weathercock :  the  Wind  and  its  effect  upon  the  Weather. 

5.  English  Climate  contrasted  with  that  of  Tropical  and  Frigid  lands. 

6.  Natural  conditions  affecting  Climate. 

Note. — This  subject  could  not  be  covered  satisfactorily  with  children  in  six  lessons  ; 
each  of  the  above  with  children's  observations  and  questions  would  make  two  or  three 
lessons. 

Lesson  I. 
An  Autumn  Morning.     Tinie,  1  hour.     Class  4.     Average  age  10  years. 

Some  of  you  came  across  the  park  this  moniing  coming  to  school, 
and  the  shortest  cut  is  across  the  grass  plot.  Did  you  notice  your  boots 
after  this  1  Yes,  they  were  quite  wet  and  all  the  bright  polish  gone — 
the  grass  was  wet  Did  you  notice  dampness  anywhere  else  ?  Yes,  some 
plants  near  the  ground  had  drops  of  water,  like  bright  beads,  glistening  upon 
them ;  yet  you  know  it  had  not  rained  during  the  night 

What  was  this  water  1  It  was  Dew.  Whence  come,  and  Jiow  formed  f 
This  question  you  cannot  answer,  you  were  not  up  or  out  early  enough 
to  know.  Well,  have  you  seen  this  same  condition  at  any  other  time  of 
the  day  ?    In  the  evening.     Mother  has  often  said,  "  Come  off  the  grass, 
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dear,  it  is  getting  damp/'  and  yet  you  know  then  certainly  that  no  rain 
has  fallen.     How,  then,  has  it  come  f 

Here  is  a  glass  of  cold  water  which  Mary  has  just  brought  in ;  she 
will  tell  you  that  she  found  it  standing  in  a  basin  surrounded  by  ice, 
where  it  has  been  for  the  last  half-hour.  Now  watch  and  tell  me  what 
is  happening.  Yes,  the  glass  is  getting  misty,  and  now  you  can  see  drops 
of  water  on  it  Do  you  think  they  have  come  from  the  water  in  the 
glass  ?  No,  they  are  on  the  outside,  and  glass  would  not  allow  it  to 
get  through,  for  it  is,  for  all  practical  purposes,  non-porous ;  beside  which 
it  stood  all  the  previous  half -hour,  and  there  was  no  sign  of  damp  until 
it  had  been  some  seconds  in  the  warm  room. 

Now  we  have  learnt  before  that  there  is  altoays  water  vapour  in  the  ah\ 
sometimes  more,  sometimes  less,  but  always  some,  but  /  must  tell  you  what 
you  do  not  yet  know,  that  warm  air  will  hold  mme  waUr  vapour  than  cold 
air. 

Now  the  air  in  this  room  is  warm  and  charged  with  water  vapour. 
If  it  is  cooled  at  all  (which  it  is  by  the  presence  of  the  ice-cold  water  and 
glass),  some  of  this  vapour  is  given  up  in  the  form  of  water  {condensed 
vapour)  as  you  see  it  on  the  glass. 

This  is  what  has  happened  in  the  field.  The  ground,  which  has  been 
warm  all  day,  and  has  been  warming  the  air  immediately  above  it,  gets 
cool  very  quickly,  much  more  so  than  the  air.  Every  blade  of  grass  and 
leaf,  etx^.,  grows  cool,  and  the  warm  air  touching  it  is  chilled  by  the 
contact  and  gives  up  part  of  its  water  vapour  in  the  form  of  these  drops. 

Formation  of  Mist  and  Fog. 

When  we  were  practising  for  the  races  some  month  or  two  back,  do 
you  remember  that  you  had  to  leave  oflF  in  the  middle  of  the  races, 
because  the  atmosphere  became  quite  thick  so  that  we  could  not  see, 
and  one  of  you  said  it  was  a  while  fog.  Well  let  us  see  if  that  had 
anything  to  do  with  the  water  vapour  of  the  air.     Can  you  guess  why 

it  is  so  often  misty  and  foggy  here  at  C ,  especially  in  and  near 

the  park?  Well  it  is  partly  because  there  is  so  much  water.  The 
streams  that  add  so  much  to  the  beauty  of  the  place  are  partly 
the  cause  of  the  discomfort. 

All  day  the  sun  is  warming  the  water  and  the  land  (you  know  how 
hot  the  ground  is  if  you  sit  down  on  the  grass  at  midday,  and  the  water 
is  similarly  warm). 

The  air  lying  immediately  over  the  earth  and  water  is  being  warmed, 
not  by  the  heat  of  the  sun's  rays  streaming  through  it,  but  by  radiation  from 
the  land  and  water. 

As  evening  comes  on  and  the  sun  goes  down,  neither  the  water  nor 
the  land  receive  any  more  heat.  They  now  begin  gradually  to  cool,  and 
as  the  land  gives  up  its  heat  much  more  rapidly  than  the  water,  the 
air  in  contact  with  the  land  gets  much  cooler  than  that  over  the 
water,  and  when  these  two  bodies  of  air  meet,  the  cooler  chills  the  warmer, 
and  the  same  phenomenon  occurs  (the  same  thing  happens)  as  in  the 
case  of  the  dew,  only  the  condensation  is  m&re  g7'adual  and  not  so  thorough  \ 
and  the  water  vapour  becomes  visible,  and  remains  as  a  mist  or  fog 
closely  over  the  earth. 
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Now  you  have  learnt  how  mist  and  fog  are  formed  (by  the  meeting 
of  air  of  one  temperature  with  some  body  of  a  lower  temperature). 

People  from  the  country  are  often  puzzled  by  the  blackness  of 
London  fogs — this  is  due  to  the  smoke  and  dust  of  the  city.  Town  fogs 
are  usually  thicker  and  darker  than  country  or  sea  fog& 

Perhaps,  now,  you  can  see  why,  when  ilu  sun  comes  out,  if  it  shines 
for  any  length  of  time,  the  mist  or  fog  disappears — it  is  because  the  air  is 
again  receiving  warmth  from  the  earth,  and  that  is  changing  the  same 
condensed  vapour  back  into  Us  true  vapour  condition,  in  which  it  is  invisible, 

A  Frosty  Moniixig. 

I  now  want  one  of  you  to  tell  me  what  the  garden  looked  like  this 
morning,  when  you  got  up  and  raised  the  blind. 

The  grass,  thickly  covered  with  white,  looking  in  the  distance  like 
a  thin  coating  of  snow — the  plants  edged  with  white  and  glistening — 
bare  trees  encrusted  with  the  same — the  air  bright  and  keen. 

JFTuU  is  this  which  we  call  frost  [Hoar-frost]  ?    fFhere  does  it  come  from  f 

It  is  formed  in  very  much  the  same  way  as  dew,  only  before  the 
water  has  time  to  form  on  the  leaf,  as  in  dew,  it  has  frozen  and  ice  is 
deposited  instead  of  water. 

JVliat  becomes  of  it?  It  disappears  when  the  sun  comes  to  it ;  yes,  it 
is  dissipated  by  the  warmth  and  evaporated. 

Summary  of  chief  facts  taught. 

Dew  is  formed  after  sunset 

Dew  is  formed  by  the  condensation  of  water  vapour  from  the  air. 

It  is  found  only  near  the  ground. 

Water  vapour  is  always  present  in  the  air. 

Warm  air  will  hold  more  water  vapour  than  colder  air. 

Hoar-frost  is  frozen  vapour. 

Summary  of  Lessons. 

Lesson  II. 
Clouds : — 

(a)  Masses  of  vapour  floating  in  the  sky. 

(b)  Formed  by  constant  evaporation — vapour  lighter  than  air — arises 

— higher  it  goes  colder  it  becomes — cold  air  condenses — be- 
comes visible  and  is  driven  in  various  directions  by  the  wind. 

(c)  Sudden  fall  in  temperature  causes  particles  to  run  together  and 

fall  as  raindrops. 
If  they  pass  through  colder  layers  of  air  in  descent,  the  drops  are 
frozen  and  drop  as  hail. 

If  frozen  before  descent  commences  they  fall  as  snow. 

Thunder  and  Lightning, — When  two  cloud-masses  meet  Electricity  is 
generated  and  discharged,  and  tlie  report  of  the  discharge  is  heard  as 
thunder. 

Some  materials  are  better  conductors  than  others — means  used  to 
prevent  danger — conditions  to  be  avoided  during  a  thunder-storm. 
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Bairibow, — Prismatic  colours — due  to  refraction — ^raindrops  as  prisms — 
position — back  to  the  sun. 

Reason  of  rounded  shape  is  the  roundness  of  the  raindrops — ^try 
looking  through  angular  prism. 

Lesson  III. 

Bain-gauge. — Show  one,  or  make  a  model.     Can  be  seen  at  Greenwich. 

Note, — Funnel,  Can,  Measnre. 

Barometer, — Same  method  followed  in  this  case.  Have  a  barometer. 
Pressure  of  air.     Scale  for  measuring  variations. 

Thermometer, — ^As  above.  Warmth  of  air,  marked  by  scale.  Children 
should  keep  daily  records  of  the  last  two  if  possible.  If  they  attend 
the  science  school,  they  would  be  more  interested  after  making  the 
instrument  in  a  simple  form. 

Lesson  IV. 
The  Weather-cock: — 

(a)  Children  have  been  noticing  it  daily  and  keeping  record.     State 
more  clearly  for  the  class  what  they  have  observed.     Smoke 
will  often  tell  the  direction  of  the  wind. 
{b)  Direction  m  which  the  school  lies.     Children  notice  and  tell  later 
the  direction  of  their  own  house. 

(c)  \Method  of  naming  tuindsy  by  the  direction  from  which  it  blows. 

(d)  This  will  often  tell  us  the  character  of  the  vdnd ;  according  to  the 

land  or  sea,  heat  or  cold  of  its  passage. 
The  weather-cliart,  kept  by  class,  can  be  used  here. 

Lesson  V. 
English  ClinuUe  contrasted : — 

(a)  Zones   of   climate.     Torrid.     Temperate.     Frigid.      Stories   and 
known  facts  concerning  these,  e.g, — 

1.  Desert     travellers.      Sailors   going    through    Red    Sea. 

Missionaries  of  India,  etc. 

2.  Life  here  at  home. 

3.  Stories  of  Franklin,  Davis,  and  other  Arctic  explorers. 
Life  of  Laplanders  and  Esquimaux. 

{b)  Direction  of  the  sun's  rays  (briefly  and  simply). 

Lesson  VL 

Natural  Conditions  affecting  Climate : — 

The  Latitude  will  not  always  satisfactorily  account  for  climate. 
Other  conditions  modify — 

(a)  Height  above  sea-level. 

(b)  Nearness  to  ocean  or  sea. 

(c)  Sheltered  or  exposed  condition  of  country ;  direction  of  mountain 

ranges  intercepting  winds. 

(d)  Character  of  the  prevailing  winds. 


Digitized  by 


Google 


202  PRIZE  COMPETITION  FOR  TEACHERS 

(e)  Where  near  sea,  influence  of  warm  or  cold  currents. 

In  connection  with  known  Geography,  this  lesson  will  be  more 
interesting. 

Brilliant  Sky  Glows,  Jmie  30  and  Jnly  1,  1908. 

Brilliant  sky  glows  were  observed  in  many  different  parts  of  the  United 
Kingdom  on  the  night  of  June  30  and  on  several  succeeding  nights,  the 
phenomenon  being  apparently  at  its  maximum  intensity  on  the  night  of  July  1. 
The  whole  of  the  northern  part  of  the  sky,  from  the  horizon  to  an  altitude  of 
about  45^,  and  extending  to  the  west,  was  suffused  with  a  reddish  hue,  the 
colour  varying  from  a  pink  to  an  Indian  red,  whilst  to  the  eastward  of  north 
the  colour  was  distinctly  a  pale  green.  No  flickering  or  scintillation  was 
observed  on  the  reddened  sky,  nor  was  there  any  tendency  to  the  formation  of 
the  streamers  or  luminous  arch  characteristic  of  aurora.  Cirro^tratus  clouds 
near  the  horizon  were  tinged  with  the  same  colour  as  the  surrounding  sky.  A 
special  feature  in  connection  with  the  phenomenon  was  the  prolongation  of 
twilight,  extending  almost  to  the  following  daybreak,  and  from  the  experience 
cited  by  many  observers  in  various  parts  of  Qreat  Britain  the  light  at  midnight 
was  sufficient  to  allow  of  fairly  small  print  being  read  without  any  aid  from 
artificial  light — Nature,  July  9,  1908. 


Mr.  J.  W.  Phillips  of  Haverfordwest,  in  a  letter  dated  July  2,  said  : — 

''On  the  last  two  evenings  (June  30  to  July  1)  I  have  observed  here  the 
most  unusual  prolongation  of  twilight,  in  fact  it  did  not  become  dark  or  anything 
approaching  it  on  either  of  the  dates  named. 

''  On  the  30th  a  police  constable  on  night  duty  told  me  he  was  able  at  12.30 
to  distinguish  people  more  than  100  yards  away,  and  at  1  a.m.  it  was  as  light 
as  dawn,  the  sky  then  having  peculiar  greenish  and  yellowish  tinges.  Last 
night  at  10.15  p.m.  it  was  quite  easy  to  read  a  newspaper  in  the  open  air,  and 
at  12  and  even  1  a.m.  I  could  read  my  watch  easily.  The  light  extended  from 
north-north-west  by  north  to  north-north-east,  and  had  not  the  appearance  of 
aurora,  the  amount  of  cloud  being  about  5  (ci.)  and  almost  calm.  Many  persons 
mistook  the  time  and  thought  their  watches  had  stopped. 

"  Upon  inquiry  at  the  Atlantic  Relay  Office,  I  find  that  no  earth-currents 
have  been  recorded  of  late,  and  a  message  was  received  from  Valencia  that  they 
had  observed  the  lengthened  daylight,  but  had  noticed  no  earth-currents.'' 


j^'^^^'  BoHusLAv  Brauner  of  the  Bohemian  University,  Prague,  in  a  letter 

Ju.^^^^^^  *^^.  ^^^^  ^'  ^^  ' — "  '^^^  peculiar  light  phenomenon  at  midnight  on 

3^     ^  ^^  which  was  seen,  according  to  the  papers,  on  the  northern  part  of  the 

aiso  ^K  ^^^^^^S^^y  Konigsberg,  Berlin,  Vienna,  Biala,  and  other  places,  was 

^ot^th     ^^^^^  ^^  ^®  *'  Prague.     At  1.30  a.m.  on  July  1, 1  saw,  in  the  direction 

^*^<^2  -«asfc  and  north-north-east,  a  peculiar  strong  orange-yellow  light  over  the 

in  it^^.'  J       colour  of  which  was  more  orange  in  its  lower  parts  and  more  yellow 

^^l^2o  '^^P*'^'      Ite  upper  limit  was  lying  twenty  to  thirty  degrees  above  the 

Jvi:^^^^  g '      -Ine  whole  sky  was  cloudless.     Other  people  saw  it  here  at  1 1  p.m.  on 

*^^^»raDh  1  ^^ported  that  magnetic  disturbances  were  experienced  on  the 

Oolx:j^jj^^jg      ^^es,  but  I  saw  no  trace  of  the  characteristic  of  auroral  bands  or 

t:>XQ   year  corr^*^        allowed  to  add  that,  according  to  Arrhenius,  this  time  of 

t;1xe   fact  that    ^  hr^^*  *^  *^^  minimum  auroral  display  (activity).     Interesting  is 

^2^<i  winds  frrT      ?     barometric  maximum  was  lying  in  the  north,  and  that  we 

rom  that  direction  for  a  whole  week." 
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March  11,  1908. 

Ordinary  Meeting. 

Dr.  Hugh  Robert  Mill,  President,  in  the  Chair. 

John  Ewart  Trounce  Barbart,  49  Dolcoath  Road,  Camborne ; 
Edmonb  Hubert  Brandt,  1 5  Lennox  Qardens,  S.W. ; 
Elijah  Howarth,  F.R.A,S.,  Weston  Park  Museum,  Sheffield ; 
Arthur  Edward  Jones,  2  St  Mark's  Square,  Regent's  Park,  N.W. ; 
William  Richardson  Nash,  Carke-in-Cartmel,  Lancashire  ; 
Arthur  A.  Rambaut,  D.Sc,  F.RS.,  Radcliffe  Observatory,  Oxford  ;  and 
Qboroe  Penn  Simkins,  P.H.D.,  Dacca,  Bengal, 
were  balloted  for,  and  elected  Fellows  of  the  Society. 

The  President,  Dr.  H.  R.  Mill,  said  that  he  had  much  pleasure  in  making 
a  statement  with  respect  to  the  competition  initiated  by  the  Society  with  the 
object  of  ascertaining  the  extent  to  which  meteorology  was  understood  and 
taught  in  Elementary  schools  in  this  country.  The  Society  had  offered  three 
prizes  for  the  three  best  essays  by  teachers  and  others  on  ^'Climate  and 
Weather,"  the  essays  to  be  in  the  form  of  a  lesson,  and  accompanied  by  a 
syllabus  for  a  complete  course  of  lessons.  The  essays  received  had  been  more 
numerous  than  was  anticipated,  no  less  than  180  having  been  sent  in.  These 
had  been  considered  by  the  Local  Scientific  Societies'  Committee,  and  Mr. 
Bayard  had  kindly  undertaken  the  task  of  going  through  them  and  sorting 
them.  Mr.  Marriott  had  then  read  them,  and  carried  the  classification  farther, 
and,  after  a  final  scrutiny  by  Mr.  Bayard,  the  result  was  as  follows  : — The  first 
prize  of  £5  is  awarded  to  Mr.  W.  C.  Upshall,  of  Broughton,  Stockbridge ;  the 
second  prize  of  £3  to  Miss  A.  B.  Phillips,  34  Blythe  Hill,  Catford  ;  and  the 
third  prize  of  £l  to  Mr.  Albert  Stevenson,  St.  Paul's  School,  Sunderland.  In 
addition  to  these  prizes,  it  has  been  decided  to  award  two  extra  prizes  of  £l 
each  to  Mr.  John  Young,  of  Barrock  by  Wick,  and  Mr.  Henry  Collar,  of  Lavender 
Hill  School,  Clapham  Junction,  whose  essays  were  very  close  to  the  first  three. 
Two  prizes  have  also  been  awarded  to  pupil  teachers  :  £1  to  Mr.  Arnold  B.  Tinn, 
28  Macaulay  Road,  Birtley,  Huddersfield,  and  10s.  to  Miss  Daisy  E.  James, 
Church  House,  Wokingham.  A  considerable  number  of  the  essays  had  been 
sent  in  by  children,  and  prizes  have  been  awarded  to  Stewart  Dobson,  70  St 
John's  Park,  Blackheath,  and  Lily  Francis,  Black  Notley  School,  Braintree. 
The  result  of  the  competition  showed  that  the  study  of  the  weather  had  been 
handled  intelligently  in  many  schools,  and  it  was  hoped,  that  having  thus 
received  these  various  suggestions  from  teachers  and  taught,  the  Society  would 
be  able  to  found  upon  them  some  definite  suggestions  for  the  improvement  of 
teaching  this  subject  in  Elementary  schools. 

The  President  said,  that  the  formal  business  of  the  evening  being  completed, 
he  had  the  extremely  pleasant  duty  of  introducing  to  them  the  lecturer,  though 
there  was  no  one  among  the  eminent  meteorologists  of  the  world  who  required 
less  to  be  introduced  to  the  Society  than  Dr.  Hellmann.  Dr.  Hellmann  was 
not  only  an  Honorary  Member,  but  he  had  been  present  on  a  comparatively 
recent  occasion,  the  Jubilee  celebration  of  the  Society,  when  he  had  officially 
represented  the  Qerman  meteorologists  in  conveying  their  congratulations  to 
the  Society.  All  those  who  were  present  at  that  time  would  look  forward 
with  pleasure  to  the  subject  of  Dr.  Hellmann's  lecture.     The  present  meeting 
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was  graced  by  the  preseuce  of  representatives  of  the  Qerman  Embassy  and  of 
the  Qerman  Consulate-General,  whom  he  welcomed  with  pleasure.  He  had 
also  received  a  considerable  number  of  apologies  from  those  who  were  unavoid- 
ably prevented  from  being  present.  Among  these  he  regretted  in  particular 
the  absence  of  the  President  of  the  Royal  Geographical  Society,  Sir  George  T. 
Goldie,  who  wrote,  he  was  sorry  not  to  be  able  to  honour  the  President  of  the 
Berlin  Geographical  Society  by  coming  to  his  lecture,  but  although  he  did  not 
wish  to  charge  the  Meteorological  Society  with  any  undue  responsibility,  it  was 
tlie  state  of  the  weather  that  rendered  it  impossible  for  him  to  come  out  Dr. 
Hellmann  had  made  a  very  special  study  of  the  early  history  of  meteorology, 
on  which  he  was  the  leading  authority,  and  it  was  a  great  honour  to  the  Society 
that  he  should  have  been  willing  to  come  on  this  occasion,  despite  great  personal 
inconvenience,  and  he  had  come  across  the  North  Sea  through  the  heart  of  one 
of  their  best  developed  cyclones.  He,  the  President,  was  sure  that  all  present 
would  accord  to  Dr.  Hellinann  the  heartiest  of  welcomea 

Dr.  G.  Hbllmann  then  delivered  a  lecture  on  ^  The  Dawn  of  Metbobolooy." 
[This  Lecture  will  be  printed  in  the  next  number  of  the  QiuurUrly  JounuU.'] 

Dr.  W.  N.  Shaw  said  that  it  was  his  privilege  to  propose  a  vote  of  thanks 
to  Dr.  Hellmann  for  his  extremely  able  and  interesting  lecture.  He  felt  more 
or  less  at  home  in  proposing  this  vote  of  thanks,  because  Dr.  Hellmann,  as  a 
Director  of  the  Prussian  Meteorological  Institute,  was  a  colleague  of  his  as 
Director  of  a. Meteorological  Office.  He  was  not  betraying  any  great  secret 
in  saying,  that  the  Director  of  an  Institute  was  a  peculiar  person  in  this  respect : 
he  went  to  his  work  late,  and  made  up  for  it  by  leaving  early.  He  also  had 
uo  special  duties,  but  got  the  credit  for  all  the  work  done  by  his  assistants. 
Dr.  Hellmann,  as  a  Director,  was  in  a  favourable  position  for  absenting  himself 
from  his  office,  but  he.  Dr.  Shaw,  was  certain  that  Dr.  Hellmann  shared  with  him 
the  feeling,  that  somehow  or  other  the  office  got  on  better  if  the  Director  were 
regular  in  his  attendance.  It  might  be  just  a  matter  of  taking  an  interest  in 
the  work  of  this  or  that  department,  but  the  work  would  be  much  improved. 
It  was  therefore  the  greater  sacrifice  for  Dr.  Hellmann  to  absent  himself,  and 
they  would  all  unite  in  a  vote  of  thanks  to  Dr.  Hellmann  for  his  kindness  in 
coming  that  night.  The  lecture  was  a  profoundly  interesting  one,  as  it  dealt 
with  a  part  of  the  subject  seldom  otherwise  touched  upon,  also  the  manner  in 
which  it  was  presented  would  ensure  that  every  one  would  carry  away  some  idea 
of  the  story  of  the  dawn  of  meteorology.  Moreover,  this  story  had  been  told  in 
a  language  which  was  not  the  language  of  the  lecturer.  He,  Dr.  Shaw,  had 
tried  to  make  himself  understood  in  other  languages,  and  could  heartily  con- 
gratulate Dr.  Hellmann  on  his  success  in  overcoming  the  difficulties  of  a  foreign 
tongue.  Dr.  Hellmann  had  discussed  the  Dawn  of  Meteorology.  There  was  a 
very  great  effort  being  made  in  this  country  towards  the  progress  of  meteorology. 
He  hoped  that,  although  the  dawn  of  meteorology  extended  back  to  a  very  long 
time,  even  before  Babylonia,  Dr.  Hellmann  might  be  spared  to  come  back  and 
give  them  another  lecture  on  the  **Noon  of  Meteorology."  He  had  great 
pleasure  in  proposing  a  vote  of  thanks  to  Dr.  Hellmann. 

Mr.  Richard  Bentlet  said  that — though  difficult  to  glean  in  a  field  already 
traversed,  and  to-night  so  happily  by  Dr.  Shaw — ^he  rose  very  cordially  to 
support  the  resolution  conveying  the  thanks  of  the  Society  to  their  distinguished 
guest.  When  the  first  tidings  of  Dr.  Hellmann's  intention  to  visit  this  country 
had  become  known  among  the  Fellows  it  had  afforded  them  the  liveliest 
satisfaction  to  welcome  him  again  in  their  midst  To-night,  however,  to  those 
fortunate  in  being  present  that  pleasure  had  been  increased  tenfold  after  the 
interesting  discourse  they  had  just  listened  to,  and  it  was  also  felt  to  be  a 
great  compliment  to  the  Society  that  a  meteorologist  of  the  high  position  and 
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intemAtional  eminence  of  Dr.  Hellmann  should  come  especially  for  this 
particular  occasion  all  the  way  from  Berlin  (and  that  too  at  an  inclement  season 
of  the  year)  to  give  the  fruits  of  his  labours  to  others  in  this  country  interested 
in  the  science.  In  recent  years,  owing  to  the  great  improvement  in  the  manu- 
facture of  automatic  and  other  scientific  instruments,  and  the  synchronous  re- 
cords of  observations  over  wide  areas  rendered  possible  by  the  development  of 
telegraphy,  the  progress  of  meteorology  on  modem  lines  had  been  very  consider- 
able. From  this  very  cause,  however,  there  was  some  danger  of  the  historic 
side  of  this  science  being  overlooked,  and  so  they  were  still  more  indebted  to 
Dr.  Hellmann  for  helping  to  fill  this  void  by  the  exceedingly  valuable  and 
complete  survey  which  he  had  given  to-night  of  the  genesis  of  meteorology  ; 
indeed,  within  the  brief  compass  of  a  single  hour  he  had  been  successful  in 
sumniarising  the  labours  and  investigations  of  more  than  twenty  years.  His 
audience  had  not  only  profited  by  the  knowledge  of  so  expert  an  authority  on 
all  pertaining  to  weatiier,  but  also  by  the  researches  of  a  distinguished  scholar, 
and  they  were  glad  to  have  such  a  mass  of  valuable  information  enrolled  in  the 
pages  of  the  Society's  Journal.  He  (Mr.  Bentley)  had  therefore  great  pleasure, 
on  behalf  of  all  present,  in  seconding  the  resolution. 

The  President  said  that  it  was  almost  superfluous  for  him  to  put  to  the 
meeting  the  vote  of  thanks  which  had  been  so  well  proposed  and  seconded,  and 
so  enthusiastically  received,  but  as  formality  sometimes  made  it  necessary  to  do 
superfluous  things,  he  had,  in  their  name,  to  express  to  Dr.  Hellmann  their 
very  deep  appreciation  not  only  of  the  excellent  lecture,  but  also  of  his 
kindness  in  coming  so  far  to  give  them  the  benefit  of  his  great  learning  on  the 
evening  which  was  always  expected  to  be  the  most  attractive  meeting  of  the 
year.  These  lectures  were  important  because  they  seemed  to  show,  not  only 
to  the  Fellows,  but  the  outside  world,  that  the  Royal  Meteorological  Society  was 
carrying  on  work  which,  important  as  it  was  in  the  present,  had  its  root  in  the 
distant  past ;  that  it  dealt  with  principles  which,  besides  embodying  the  results 
of  modern  science,  had  in  many  cases  been  foreshadowed  by  the  ancients.  He 
did  not  think  that  they  had  ever  before  succeeded  so  well  in  placing  before  the 
public  this  idea  of  the  antiquity  and  the  dignity  of  meteorology  as  to-night 
when  listening  to  this  address. 

Dr.  C.  Hellmann,  replying,  said  that  he  thanked  them  all,  and  especially 
his  colleagues.  Dr.  Shaw  and  Mr.  Bentley,  for  their  very  kind  welcome.  He 
hoped  that  some  day  an  English  meteorologist]  would  come  and  give  a  lecture 
to  Berlin  on  the  state  of  meteorology  in  England. 

The  President  remarked  that  a  copy  of  the .  facsimile  of  Merle's  Journal 
was  on  the  table,  and  he  invited  any  one  desirous  of  inspecting  this  interesting 
volume  to  do  so. 


April  15,  1908. 

Ordinary  Meeting. 

Dr.  Hugh  Robert  Mill,  President,  in  the  Chair. 

Charles  Browett,  Ryton-on-Dunsmore,  Coventry ;  and 
Alexander  Macmoran,  K.C.,  3  Temple  Gardens,  Temple,  E.C. ; 
were  balloted  for,  and  elected  Fellows  of  the  Society. 

Qeheimrath  Prof.  Dr.  Richard  Assmann,  Director  of  the  Konigliche 
Preussisches  Aeronautisches  Observatorium,  Lindenberg,  Kreis-Beeskon  ; 

KiQOO  Nakahura,  Director  of  the  Imperial  Meteorological  Observatory, 
Tokio,  Japan  ;  and 
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Prof.  Abbott  Lawrence  Rotch,  M.A.,  B.Sc,  Director  of  the  Blue  Hill 
Meteorological  Observatorj,  Hyde  Park,  Mass.,  U.S.A., 
were  balloted  for,  and  elected  Honorary-  Members  of  the  Society. 

The  President,  Dr.  H.  R  Mill,  said  that  it  was  with  great  regret  he  was 
again  obliged  to  preface  his  remarks  with  a  reference  to  the  death  of  one  of 
the  leading  British  meteorologists — on  this  occasion  that  of  Sir  John  Eliot. 
Although  Sir  John  Eliot  had  completed  his  great  Climatological  Atlas  of  India, 
embodying  the  fruits  of  his  labours  as  head  of  the  Meteorological  Service  of 
India,  he  died  before  the  volume  of  text  accompanying  it  was  ready  for  publica- 
tion. He  had  been  a  member  of  the  Council  of  the  Society,  and,  though  his 
residence  abroad  had  prevented  frequent  visits  to  the  Society,  his  work  had 
made  him  fi&miliar  to  all  the  Fellows. 

The  President  mentioned  that,  in  connection  with  the  Bill  for  improving 
Agricultural  Education  now  before  Parliament,  he  had  taken  the  opportunity 
of  following  the  example  of  his  predecessor,  Mr.  R.  Bentley,  and  had  written  to 
the  Right  Hon.  Jesse  Collings,  M.P.,  who  had  charge  of  the  Bill  in  the  House 
of  Commons,  pointing  out  the  desirability  of  including  meteorology  or  weather 
study  in  the  schedule  of  subjects.  Mr.  Collings  had  replied  most  cordially 
accepting  the  suggestion,  and  expressing  the  hope  that  the  Bill  would  become 
law. 

The  President  then  referred  to  the  forthcoming  Franco-British  Exhibition 
at  Shepherd's  Bush,  and  said  that  the  Society  was  exhibiting  in  the  Science 
Section.  Amongst  the  exhibits  it  was  hoped  that  there  would  be  a  complete 
Climatological  Station  at  work  in  the  grounds.  There  was  no  difficulty  in 
finding  the  station,  but  to  show  it  at  work  would  require  the  services  of 
observers  to  take  the  observations  punctually  at  9  a.m.  and  9  p.m.  He 
trusted  that  several  Fellows  would  come  forward  willing  to  take  these,  for, 
say,  a  fortnight  at  a  time,  to  share  the  work  with  those  who  had  already 
promised.  Observations  would  have  to  go  on  from  May  15  till  about  the  end 
of  October. 

The  following  communications  were  read  : — 

1.  "Report  on  the  Phenological  Observations  for  1907."  By 
Edward  Mawlet,  F.R.Met.Soc.,  V.M.H.  [This  Report  will  be  printed  in  the 
next  number  of  the  Quarterly  Journal.] 

2.  "The  Antictclonic  Belt  of  the  Southern  Hemisphere."  By 
Colonel  H.  E.  Rawson,  C.B.,  F.R.MetSoc.  (p.  165). 


CORRESPONDENCE  AND  NOTES. 

Meteorology  and  Agriculture. 

At  the  Royal  Agricultural  Society's  Show  held  at  Newcastle-on-Tyne  from 
June  30  to  July  4,  a  very  interesting  and  attractive  exhibit  was  arranged  by 
the  Royal  Meteorological  Society  in  the  Agricultural  Education  and  Forestry 
Exhibition.  The  exhibit  included  a  large  number  of  diagrams  relating  to 
rainfall,  temperature,  sunshine,  the  influence  of  weather  on  crops,  health, 
etc.,  and  also  a  collection  of  photographs  illustrating  meteorological  phenomena. 
Various  patterns  of  self-recording  and  other  meteorological  instruments  were  also 
shown  ;  and  as  most  of  these  were  at  work,  the  visitors  could  see  at  once  the 
changes  which  were  taking  place  in  the  weather. 

The  methods  adopted  for  obtaining  information  on  the  meteorological  condi- 
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tions  pievailiDg  in  the  upper  regions  of  the  atmosphere  were  fully  illustrated. 
A  large  kite  with  a  meteorograph  and  also  a  ballon-sonde  carrying  a  small 
meteorograph  were  suspended  from  the  roof  of  the  building.  Diagrams 
exhibiting  in  a  graphic  manner  some  of  the  results  obtained  from  Mr.  Dines's 
observations  were  inspected  with  much  interest,  as  these  showed  that  the 
temperature  decreases  pretty  uniformly  up  to  a  height  of  about  7  miles,  above 
which  there  is  practically  little  or  no  further  change  in  temperature. 

In  a  railed-off  enclosure  outside  the  Exhibition  building,  a  fully-equipped 
dimatological  Station  was  arranged  with  the  various  instruments  in  position, 
and  at  this  station  an  address  was  given  each  day  by  Mr.  W.  Marriott  on 
<<  Meteorology  in  Relation  to  Agriculture." 

When  the  Prince  and  Princess  of  Wales  visited  the  Show  on  July  1, 
they  spent  some  time  in  the  Royal  Meteorological  Society's  Exhibit,  and  were 
greatly  interested  in  the  account  of  the  upper-air  investigation?,  and  in  examin- 
ing some  of  the  instruments  and  photographs. 

Practical  Open-Air  Demonstration  to  Children. 

As  the  result  of  conversation  with  some  teachers  attending  the  Royal 
Agricultural  Society's  Show  at  Newcastle-on-Tyne,  Mr.  Marriott  promised  to 
give  an  address  to  a  number  of  school-children  when  he  visited  Keswick  a 
week  later. 

By  the  kindness  of  Mr.  A.  Mitchell  Dawson,  arrangementa  were  made  by 
which  the  senior  boys  and  girls,  with  their  teachers,  from  several  schools  in  the 
neighbourhood  were  able  to  be  present  in  his  beautiful  garden  on  Friday 
morning,  July  10.  Mr.  Marriott  showed  and  described  the  various  meteorological 
instruments  used  by  Mr.  Dawson  in  making  his  observations,  and  pointed  out 
many  of  the  results  obtained  from  them.  Under  such  favourable  conditions, 
practical  references  were  made  to  temperature,  wind,  clouds,  rainfall,  etc,  which 
the  children  could  easily  follow. 

Representatives  were  present  from  Brigham  School,  St.  John's  School, 
Crosthwaite  School,  and  Braithwaite  School,  Keswick. 

The  Brontometer. 

The  late  Mr.  Q.  J.  Symons,  F.R.S.,  was  from  a  boy  greatly  interested  in 
thunderstorms,  and  he  was  for  a  long  time  engaged  in  devising  an  instrument 
to  show  the  sequence  of  the  various  phenomena  occurring  during  thunder- 
storms. He  subsequently  consulted  MM.  Richard  Fr^res,  of  Paris,  on  the 
matter,  and  after  deciding  upon  what  the  instrument  was  to  do,  and  upon  the 
scales  required,  he  left  the  whole  constructional  details  to  them.  The  result 
was  that  in  1890  MM.  Richard  made  for  him  an  elaborate  apparatus,  which  he 
called  a  "  Brontometer,*'  or  Thunderstorm-measurer. 

The  following  is  Mr.  Symons's  description  of  the  instrument :  ^ — 

*'  It  is  provided  with  endless  paper,  1 2  inches  wide,  travelling  under  the 
various  recording  pens  at  the  rate  of  1  '2  inch  per  minute,  or  6  feet  per  hour. 
This  is  about  150  times  faster  than  is  usual  in  meteorological  instruments,  and 
enables  the  time  of  any  phenomenon  to  be  read  off  with  certainty  to  a  single 
second  of  time. 

"  The  traces  are  made  in  ink  by  a  series  of  seven  Richard  pens. 

"  The  first  pen  is  driven  by  the  clock  which  feeds  the  paper,  so  that  the 
time  scale  and  the  paper  must  go  together.  The  pen  usually  produces  a 
straight  line,  which  serves  as  the  base  line  for  all  measurements,  but  at  55 
seconds  after  each  minute  the  pen  begins  to  go,  at  an  angle  of  about  45*",  one- 
tenth  of  an  inch  to  the  left,  and  at  the  sixtieth  second  it  flies  back  to  its 
original  position. 

1  Proceedings  of  the  Royal  Society,  18,  p.  65  (1890). 
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**The  second  pen  is  driven  by  one  of  Richard's  Anemo-cinemograpbs,  a 
name  whicli  they  have  given  tx)  a  pattern  of  anemometer  not  yet  known  in 
England.  The  external  portion  has  some  resemblance  to  the  ordinary  wind- 
mill governor,  but  it  differs  from  it  in  that  the  plates  are  curved,  not  flat ;  they 
are  made  of  aluminium,  and  are  so  light  that  they  have  little  momentum,  and 
thus  have  a  great  advantage  over  cups,  which  run  on  for  many  seconds  after 
the  wind  force  has  decreased  or  ceased.  The  fans  make  one  revolution  for 
each  metre  of  wind  that  passes,  and  send  an  electric  current  to  the  bronto- 
meter,  where  it  acts  on  an  electro-magnet,  and  tends  to  draw  this  (2nd)  pen 
towards  the  left ;  but  a  train  of  clockwork  is  constantly  tending  to  draw  the 
pen  to  the  right,  the  joint  result  being  that  the  pen  continuously  shows,  not 
the  total  motion  (as  is  the  case  with  most  anemometers),  but  the  actual 
velocity  almost  second  by  second.  It  does  this  certainly  with  an  error  of  less 
than  five  seconds,  for  the  fans  will  stop  dead  in  less  than  that  time,  and  the 
clockwork  train  will  bring  the  pen  from  indicating  a  velocity  of  70  miles  an 
hour  to  20  miles  an  hour  in  three  seconds,  and  down  to  a  dead  calm  in  seven 
seconds.  The  trace  will  thus  resemble  that  of  a  pressure  anemometer,  but  with 
a  much  more  open  scale  than  was  ever  before  available. 

"  The  third  pen  is  actuated  by  a  handle,  and  can  be  set  at  zero  or  at 
1,  2,  3,  or  4  spaces  from  it.  The  author's  original  idea  was,  partly  by  watch- 
ing a  storm-rain-gauge,  and  partly  by  estimation,  to  decide  on  the  intensity  of 
the  rain  and  to  indicate  that  intensity  by  moving  the  pen  further  and  further 
from  zero  as  the  fall  becomes  heavier.  Experience  alone  will  show  whether 
that  is,  or  is  not,  superior  to  moving  it  one  step  for  each  y^th  of  an  inch  of 
fallen  rain,  which  can  be  done  by  making  a  Crosley  rain-gauge  send  a  current 
into  the  room  where  the  brontometer  is  placed,  and  strike  a  bell  there.  In  a 
heavy  storm  there  will,  however,  be  so  much  for  the  observer  to  do,  that  very 
probably  count  would  be  lost  It  may,  therefore,  be  necessary  to  make  it  act 
automatically. 

"  The  fourth  pen  is  actuated  somewhat  like  a  piano.  On  the  occurrence  of 
a  flash  of  lightning,  the  observer  presses  a  key,  the  pen  travels  slightly  to 
the  right,  and  flies  back  to  zero.  Referred  to  the  automatic  time-scale,  this 
gives,  to  a  second,  the  time  at  which  the  key  was  depressed. 

"  The  fifth  pen  is  similar,  but,  being  intended  to  record  the  thunder,  the 
observer  will  continue  to  hold  down  the  key  until  the  roll  is  inaudible.  The 
time  of  the  departure  of  this  pen  from  zero  will  evidently  be  later  than  that 
for  the  lightning  by  the  time-interval  due  to  the  distance  of  the  flash,  and 
possibly  something  may  be  learned  from  the  accurate  record  of  the  duration  of 
the  thunder. 

"  The  sixth  pen  is  similar  to  the  third,  and  is  intended  to  record  the  time, 
duration,  and  intensity  of  hail. 

''The  seventh  and  last  pen  is  devoted  to  an  automatic  record  of  atmospheric 
pressure.  As  the  rapid  motion  of  the  paper,  which  is  indispensable  for  study- 
ing the  details  of  a  thunderstorm,  has  enlarged  the  time-scale  more  than  a 
hundredfold,  it  was  imperative  that  the  barometric  scale  should  itself  be 
greatly  enlarged.  But  the  range  of  the  barometer  in  London  is  more  than 
2^  inches,  and  no  enlargement  less  than  ten  times  the  natural  (mercurial)  scale 
would  be  of  any  use  ;  hence  a  breadth  of  25  inches  of  paper  would  be  necessary, 
unless  some  mode  of  shifting  the  indication  could  be  devised. 

"  Several  plans  were  tried,  but  finally  a  modification  of  Richard's  statoscope 
has  been  adopted,  which  is  so  sensitive  that  it  will  indicate  the  opening  or 
shutting  of  a  door  in  any  part  of  the  house,  gives  a  scale  for  30  inches  for  each 
mercurial  inch  («.«.  about  three  times  that  of  a  glycerine  barometer),  and  yet 
only  requires  4  inches  breadth  of  the  brontometer  paper.    Without  entering  into 
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all  the  details  of  construction,  it  is  desirable  to  explain  the  general  principle,  and 
its  application.     As  it  was  essential  that  the  apparatus  should  record  accurately 

THE  BRONTOMETER. 


Fig.  1. — Front  View. 


Fio.  2.--Top,View, 

to  0*001  inch  of  mercurial  barometric  pressure,  it  was  evident  that  [friction  had 
to  be  reduced  to  a  minimum,  and  considerable  motive  power  provided.  This 
is  done  by  placing  in  the  base  of  the  brontometer  a  galvanised  iron  chamber, 
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which  contains  about  3}  cubic  feet  of  air  ;  on  the  upper  part  are  a  series  of 
elastic  chambers,  similar  to  the  vacuum  boxes  of  aneroid  barometers,  but  much 
larger. 

<*  When  the  instrument  is  to  be  put  in  action,  these  chambers  are  connected 
with  the  large  air-chamber,  and  a  tap  is  closed  which  shuts  off  communication 
with  the  external  air.  Any  subsequent  increase,  or  decrease,  of  atmospheric 
pressure  will  compress  or  allow  to  dilate  the  air  in  these  chambers,  and  the 
motion  of  the  elastic  ones  produces  that  of  the  recording  pen. 

"  Obviously,  any  large  change  in  the  temperature  of  the  confined  air  would 
vitiate  the  readings  ;  but  (1)  the  instrument  is  not  required  to  give  absolute, 
but  merely  differential,  values;  and  (2)  the  influence  of  the  changes  of 
temperature  is  greatly  reduced  by  the  chamber  being  surrounded  with  4  inches 
thick  of  non-conducting  material,  besides  nearly  1  inch  of  wood  outside  of  it 
The  change  of  temperature  in  a  room,  and  during  the  short  time  that  the 
statoscope  will  be  worked  without  resetting  to  zero  (t.e.  without  opening  the 
tap),  has  not  hitherto  produced  any  measurable  effect" 

The  Brontometer  came  into  my  possession  about  two  years  ago.  As  I  have 
no  facilities  at  my  house  at  West  Norwood  for  putting  up  the  Anemo-cinemo- 
graph,  no  wind  records  are  made  on  the  instrument 

I  use  the  third  pen  for  hail,  and  the  sixth  pen  for  rain — that  is,  transposing 
the  records  from  those  mentioned  by  Mr.  Symons. 

Reproductions  from  photographs  of  the  instrument  are  given  on  page  209. 

Fig.  1  is  a  front  view  of  the  upper  part,  which  is  fixed  to  the  top  of  the 
wooden  case  containing  the  large  air-chamber.  The  clock  which  feeds  the 
paper  is  on  the  right  The  case  containing  the  elastic  chambers  of  the  stato- 
scope is  on  the  left-hand  side.  The  tubing  connecting  this  with  the  air-chamber 
below  is  seen  in  the  lower  corner.  The  clockwork  for  the  Anemo-cinemograph 
is  to  the  right  of  the  statoscope  case.  On  the  top  of  the  instrument  will  be 
seen  the  handles  for  moving  the  hail  and  rain  pens,  and  also  the  keys  for  the 
lightning  and  thunder  pens. 

Fig.  2  is  a  view  of  the  top  of  the  instrument  This  shows  the  position  of 
the  various  pens  as  they  pass  over  the  endless  paper. 

I  have  not  had  many  opportunities  of  using  the  Brontometer,  as  I  am 
often  away  at  the  critical  time — and  thunderstorms  do  not  come  on  '^  to  order," 
— but  such  records  as  have  been  obtained  have  been  of  great  interest  The 
thunderstorm  which  occurred  on  June  4,  1908,  M'as  not  only  a  very  severe  one, 
but  it  afforded  almost  exceptional  opportunities  for  obtaining  records  on  the 
Brontometer  of  the  various  phenomena  accompanying  the  storm.  The 
particulars  of  this  thunderstorm  are  given  in  a  separate  note. — ^Wm.  Marriott. 

Brontometer  Records  at  West  Norwood,  June  4,  1908. 

As  the  thunderstorm  on  Thursday  evening,  June  4,  at  West  Norwood  was 
of  such  an  intense  character,  I  think  it  may  be  of  interest  to  give  some  particu- 
lars about  it 

The  weather  during  the  day  had  been  very  hot  and  close,  the  maximum 
temperature  being  as  high  as  84"* '7.  Thunder  was  heard  in  the  afternoon  from 
about  2.40  to  3.10.  A  fresh  storm  came  on  about  half-past  5,  when  distant 
thunder  was  heard.  This  storm  gradually  developed,  and  was  most  intense 
between  6.10  and  6.40.  It  continued  till  7.30.  After  an  interval  of  about  a 
quarter  of  an  hour  another  storm  came  on  at  7.44,  and  continued  till  8.30. 

As  I  arrived  home  soon  after  5.30,  I  got  the  brontometer  to  work,  and  so 
was  able  to  obtain  a  record  of  the  various  features  of  the  storm. 

Ninety-eight  flashes  of  lightning  were  observed  in  28  minutes  between 
6.11  and  6.39.  No  records  of  lightning  were  taken  from  6.39  to  6.45 
owing  to  a  fresh  supply  of  ink  being  required  to  be  put  into  the  pen,  but  63 
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flashes  were  observed  between  6.45  and  7.30.  Many  of  the  flashes  were  of 
a  brilliant  character,  and  were  mostly  of  the  '^ flickering"  or  '' repeating" 
type. 

I  recorded  123  peals  of  thunder  between  6.10  and  7.30.  There  were 
probably  considerably  more,  but  it  was  most  difficult  to  distinguish  between  the 
individual  peals,  as  before  one  had  ceased  another  or  more  would  have  been 
heard.  The  longest  duration  of  the  rumble  of  an  individual  peal  of  thunder 
was  70  seconds. 

Rain  fell  from  6.8  to  6.33  and  from  6.41  to  6.48.  It  was  extremely  heavy 
during  most  of  this  period.  Hail  also  fell  from  6.13  to  6.34,  the  hailstones 
being  larger  than,  and  somewhat  similar  in  shape  to,  big-sized  acid-dropa  The 
intensity  of  the  rain  and  hail  may  be  gathered  from  the  fact  that  1*14  in.  fell 
in  33  minutes. 

The  barometer  began  to  rise  at  5.58,  and  reached  its  highest  point  when 
the  hail  began.  It  then  fell  slightly  from  6.20  to  6.30,  after  which  there  was 
a  further  slight  rise  till  6.43,  when  the  pressure  gradually  slackened  till  7.5, 
and  then  remained  stationary. 

A  reproduction  (on  a  reduced  scale)  of  the  record  from  6.0  to  7.0  is  given 
in  Fig.  3  (p.  211). 

During  the  last  storm  39  flashes  of  lightning  were  observed  and  39  i^eala 
of  thunder  were  heard  between  7.44  and  8.29.  Rain  commenced  falling  at  8, 
and  continued  till  after  9  o'clock.  The  rainfall  during  this  storm  amounted  to 
•15  in. — Wm.  Marriott. 

The  Thnnderstorms  of  Jnne  1  to  4,  1908,  at  Epsom. 

The  first  week  in  June,  marked  by  an  excess  of  high  day  and  night 
temperatures,  was  noteworthy  for  the  occurrence  of  a  series  of  severe  thunder- 
storms. On  June  1  a  sharp  thunder  shower  took  place  at  5.45  A.M.,  distant 
rolling  thunder  being  heard  to  the  west  at  6  A.M.  After  a  warm  day,  with  a 
shade  maximum  of  7  9***  8,  a  thunderstorm  came  up  from  the  south  and  south- 
west towards  8.40  p.m.  Very  vivid  fork  and  sheet  lightning  in  the  south, 
south-west,  and  west,  accompanied  by  loud  rolling  thunder,  occurred  between 
8.50  and  9.30  p.m.  At  9.30  p.m.  a  dust-storm  of  considerable  extent  arose, 
dust  in  whirls  and  eddies  being  carried  up  spirally  to  a  considerable  height  At 
9.40  PJf.,  on  the  commencement  of  the  rain,  a  wind-squall  attaining  g^e  force 
passed  from  south-west  to  north-east,  causing  in  its  track  extensive  damage  to 
timber,  large  trees  being  rooted  up  and  blown  down  in  a  direction  towards  east 
and  north-east  The  storm  x>ft88ed  the  zenith  at  9.45  P.M.,  working  away  in  a 
northerly  direction.  The  final  termination  of  the  storm  was  not  reached  untQ 
near  midnight  The  rainfall  from  9.40  to  10  PJi.  was  070  in.  The  baro- 
graphic  trace  marked  a  sharp  jump  in  pressure  from  29*80  in.  to  29*87  in. 
shortly  after  9.30  p.m.  Further  thunderstorms  of  a  sporadic  character  took 
place  at  1.30  and  2.45  A.M.  on  the  2nd. 

On  June  3,  after  a  very  warm  day,  the  shade  maximum  attaining  80'',  a 
brilliant  display  of  sheet  lightning  was  visible  in  the  south,  south-west,  and 
west  between  10  and  11.30  p.m.,  when  a  thunderstorm  moved  up  rapidly  from 
the  south-west,  prevailing  to  12.45  a.m.  on  the  4th.  On  its  original  track  this 
storm  would  have  crossed  the  zenith,  but  its  course  was  changed  by  the 
influence  of  the  high  ground  of  the  North  Downs,  and  it  passed  south-east. 
Rain  amounting  to  0*05  in.  fell  between  12.25  and  12.35  a.m.  At  1.15  a.m. 
on  the  4th  a  further  heavy  storm  came  up  from  the  south-west  and  west,  a 
magnificent  display  of  fork  lightning  being  the  prevailing  feature,  flashes 
varying  between  six  and  ten  per  minute  being  of  frequent  occurrence  and  of 
dazzling  brilliance.      The  accompanying  thunder  was  of  a  marked  booming 
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nature  with  a  long  roll;  the  storm  was  practically  continuous  till  3  a.m., 
remaining  apparently  stationary  in  the  west  and  south-west  for  an  hour  and 
a  quarter  and  then  receding.  No  rain  fell.  A  sharp  drop  in  pressure  occurred 
at  2  A.M.  from  30*00  in.  to  29*95  in.  No  reduction  in  temperature  was 
exercised  by  the  storm  during  the  early  morning  hours  of  the  4  th,  the  succeed- 
ing day  being  intensely  hot,  with  a  shade  maximum  of  83'''3.  A  cloudless  sky 
prevailed  till  2.30  p.m.,  when  thunder  clouds  (cu-nim)  came  up  from  the  north, 
accompanied  by  thick  haze.  From  4.16  to  5.30  p.m.  distant  thunder  was  heard 
in  the  east  and  south-east.  At  5.45  p.m  thunder  clouds  were  visible  in  the 
north,  north-east,  and  south-east,  south-west,  west,  and  north-west,  a  very  heavy 
thunder-storm  being  noticed  working  up  from  north-west  and  west  Fork 
lightning  accompanied  by  loud  rolling  thunder  commenced  at  6  P.M.,  the 
wind  blowing  in  hot  gusts  from  North  and  North-east.  A  very  heavy  fall  of 
hail,  lasting  four  minutes,  took  place  at  6.15  P.M.,  the  landscape  being 
temporarily  blotted  out  by  the  falling  hail,  and  the  ground  covered  as  with 
a  white  sheet.  The  hailstones  caused  considerable  noise  in  their  descent  and 
were  of  varied  form  and  size,  the  majority  egg-shaped  (about  equal  to  a  black- 
bird's egg),  others  more  or  less  square  with  ragged  edges,  whilst  several  pieces  of 
ice  with  a  rime  coating  were  picked  up.  When  split  open  the  stones  had  a 
nucleus  of  clear  ice  ;  many  were  of  considerable  size  owing  to  the  agglomera- 
tion of  several  stones.  Torrents  of  rain  commenced  on  the  cessation  of  the  hail 
at  6.19  P.M.,  continuing  till  7  p.m.,  extensive  flooding  taking  place  owing  to  the 
drains  being  choked ;  the  roads  leading  off  the  Downs  were  converted  into 
running  torrents.  The  storm  passed  the  zenith  at  6.30  p.m.  on  a  south-east 
course,  vivid  fork  lightning  and  severe  thunder  being  almost  continuous.  The 
end  of  the  storm  was  reached  at  7.30  p.m.  Temperature  at  6  pji.  was :  Dry 
bulb  75*,  wet  69°;  and  at  7.30  p.m.,  dry  65',  wet  64°.  The  barograph 
showed  a  sudden  increase  in  pressure  about  6.15  p.m.,  29*87  in.  to  29*92  in. 
The  rainfall  from  6.15  to  7  p.m.  was  0*90  in.  Towards  7.45  p.m.  a  second 
storm  came  up  from  the  north  and  north-east,  dense  yellow  gloom  and  a  thick 
mist  prevailing.  A  further  display  of  vivid  fork  lightning  and  loud  cracks  of 
thunder  lasted  to  8.45  p.m.,  the  storm  passing  in  an  easterly  direction.  The 
rainfall  from  8  to  8.10  p.m.  was  0*31  in. 

A  marked  reduction  in  temperature  was  experienced  in  the  rear  of  the 
storms,  the  exposed  thermometer  on  the  grass  falling  to  29°*8  on  June  7. — 
Spbngbr  C.  Russell,  June  10,  1908. 

Lakeland  Sayings  about  Weather. 

The  natives  of  Cumberland  and  Westmoreland  have  an  extraordinary  range 
of  local  expressions  referring  to  the  state  of  the  weather,  partly,  perhaps, 
because  the  Lake  District  gets  more  than  its  share  of  rainfall,  and  numerous 
shades  of  meaning  have  from  time  to  time  arisen  to  meet  the  very  variable 
conditions  of  the  weather  in  that  part  of  the  country.  A  few  samples  are 
given  below.  It's  "  sptttin'  a  laal  bit,"  refers  to  a  few  drops  which  will  prob- 
ably soon  be  over.  It  "mizzles  and  rains''  betokens  a  condition  of  things 
equivalent  to  a  mild  Scotch  mist.  It  "  hadders  and  rains,"  is  equivalent  to 
showers.  "  Nobbut  a  sup  o'  fell  rain,"  purely  local  rain  in  the  region  of  the 
fells  is  not  considered  a  great  evil.  But  when  there  is  a  "  gert  pash,"  a 
tremendous  downpour  is  clearly  meant.  It  is  rather  paradoxical  to  remark  it's 
"  fine  an'  wet,"  a  reference  to  really  heavy  rain.  By  old-fashioned  folk  extremes 
are  called  "  cruel  bet  "  and  "  cruel  cauld."  "  Clashy  Brough  Hill  weather  "  is 
almost  proverbial,  so  often  does  a  storm  occur  about  Michaelmas,  when  this  great 
fair  of  the  North  is  held.  "  Glisy  "  applies  to  a  day  when  the  sun  comes  out 
in  fitful  gleams  very  brightly,  and  is  next  quickly  overclouded — not  a  very 
favourable  sign.       **Eh,  we're  hevin'  gran'    growy  weather,"   the   Cumbrian 

Q 


Digitized  by 


Google 


214  CORRESPONDENCE  AND  NOTES 

farmer  exclaima  with  delight  when  gentle  showers  come  on  a  warm  day.  "  It's 
ter'ble  hask  wedder,"  is  another  localism.  "  Hask  "  means  harsh,  rough,  penetrat- 
ing, all  rolled  into  one,  and  specially  applies  to  the  East  wind,  which  is  at  its 
worst  when  Cross  Fell  has  **  t'  Helium  "  on — i.e.  the  Helm  wind.  Lightning 
is  most  frequently  referred  to  as  "  fire " — e.g.  "  t'  fire  was  summat  awful." 
A  fall  of  snow  which  appears  likely  to  be  followed  by  still  worse  weather  is 
called  a  "feeding  storm." — Penrith  Observery  June  23,  1908. 

The  Bain-tree  of  Queensland. 

Amongst  the  last  parcel  of  produce  received  at  the  City  office  of  the  Queens- 
land Government,  73  Basinghall  Street,  are  some  pods  of  the  "  rain-tree  ** 
(Pithecolobium  Samam),  an  importation  into  the  Colony  from  Peru.  It  is  a 
valuable  shade  tree  in  tropical  pastures.  The  name  of  *'  rain-tree "  is  given 
because  so  great  is  the  volume  of  distillation  of  moisture  that  the  ground  is  wet 
under  its  branches. 

Belation  between  the  Weather  and  the  Flowering  of  Fruit-trees. 

In  a  paper  read  before  the  Royal  Statistical  Society  in  January  1907, 
Mr.  R.  H.  Hooker  drew  attention  to  the  correlation  of  the  weather  and  the 
crops,  and  pointed  out  that  an  examination  of  the  meteorological  statistics  and 
of  the  returns  of  the  produce  of  crops  suggested  that  the  yield  was  influenced 
not  merely  by  the  character  of  the  weather  during  the  later  stages  of  growth, 
but  also  during  seed-time.  Some  similar  conclusions  in  regard  to  the  flowering 
of  fruit-trees  have  been  arrived  at  by  Mr.  E.  P.  Sandsten,  of  the  Wisconsin 
Agricultural  Experiment  Station  (Bulletin,  No.  137).  He  points  out  that  the 
time  of  flowering  in  the  spring  of  a  given  variety  of  fruits  is  dependent  upon 
a  number  of  causes  or  conditions,  chief  among  them  being,  first,  the  number 
of  positive  temperature  units  received  in  the  spring  preparatory  to  flowering ; 
second,  the  stage  of  development  of  the  flower-buds  as  dependent  upon  the 
climatic  conditions  of  the  summer  and  autumn  preceding  the  flowering  ;  third, 
the  fruiting  of  the  trees,  whether  light  or  heavy,  the  year  previous  to  flowering  ; 
fourth,  the  soil  conditions,  and  the  amount  of  plant  food  present  in  the  soil ; 
and  fifth,  the  individual  characteristics  and  state  of  health  of  the  tree  or  plant. 
From  the  data  given  in  the  Bulletin  it  would  appear  that  there  is  but  little 
relationship  between  the  time  of  flowering  and  the  temperature  in  the  spring 
up  to  the  time  of  flowering,  while  there  appears  to  be  considerable  evidence 
that  the  temperature  and  other  climatic  conditions  during  summer  and  autumn 
preceding  flowering  have  much  to  do  with  the  time  of  flowering. — Journal  of 
the  Board  of  Agriculture^  March  1 908. 

Icebergs  of  the  Southern  Hemisphere. 

On  the  Monthly  Meteorological  Charts  of  the  Indian  Ocean  for  April  1908, 
some  particulars  are  given  respecting  icebergs  in  the  southern  hemisphere. 
It  is  stated  that  icebergs  occur  irregularly,  and  they  vary  very  considerably 
in  size  and  number.  For  years  in  succession  icebergs,  and  occasionally  field 
ice,  will  be  seen  by  ships  traversing  the  Southern  Ocean  southward  of  Cape 
Horn  and  the  Cape  of  Gk>od  Hope.  Afterwards  a  whole  decade  may  elapse 
before  similar  conditions  are  experienced.  During  the  first  six  years  of  the 
period  selected  for  this  discussion,  1885  to  1907,  icebergs  were  scarce  in  all 
the  Southern  Ocean  within  the  limits  of  navigation ;  but  from  the  close  of 
1891  up  to  the  latter  months  of  1895,  there  were  numerous  reports  of  icebergs 
and  ice-islands  in  great  numbers  and  of  phenomenal  magnitude.  There  was 
also  much  field  and  drift  ice.  Between  1896  and  1905,  however,  there  were 
very  few  reports  of  ice  of  any  kind  over  the  Southern  Ocean.  In  1906  a 
considerable  amount  was  met  with  near  Cape  Horn  ;  and  this  appears  to  have 
drifted  north-eastward  as  far  as  the  meridian  of  Cape  Leeuwin  in  some  instances. 
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Southern  icebergs  are  formed  along  the  seaward  edge  of  the  Antarctic  ice- 
cap ;  but  whether  they  are  broken  oflf  the  water-borne  extremities  of  glaciers 
protruding  into  the  sea,  as  is  the  case  with  Arctic  bergs,  or  whether  they  are 
simply  wrenclied  from  the  ice-cap  itself  under  the  influence  of  seismic  dis- 
turbances in  the  vicinity,  remains  yet  to  be  proved.  Once  adrift  from  its 
place  of  origin  an  iceberg  or  an  ice-island  follows  the  path  of  least  resistance, 
which  coincides  with  the  resultant  of  such  forces  as  ocean-stream,  drift-current, 
sub-surface  current,  and  prevailing  wind. 

Icebergs  have  been  seen  in  close  proximity  to  the  Cape  of  Good  Hope  in 
January  and  in  August^  and  near  Cape  Leeuwin  in  January,  but  the  northern- 
most ice  ever  met  with  in  the  Southern  Ocean  appears  to  have  been  that 
reported  by  the  master  of  the  barque  Dochra  on  April  30,  1894,  when  in 
26*  30'  S.,  25*  40'  W.  The  vessel  passed  close  to  the  remnant  of  an  iceberg, 
which  was  4  ft.  high,  12  ft.  long,  and  4  ft.  wide,  under  very  favourable 
conditions  for  observations.  The  sea  was  smooth  ;  the  time  was  10  a.m.,  and 
the  weather  was  fine.  Icebergs  were  also  seen  exceptionally  far  to  the  westward 
in  comparatively  low  latitudes  in  1893  and  1894.  In  June  1893,  the  8.8.' 
Milton  passed  one  in  45*  S.,  60*  W.  ;  and  three  days  later  the  s.s.  TUania 
sighted  a  berg  apparently  aground  in  44*  S.,  59*  E.,  which  was  250  ft.  high 
and  2  miles  in  length.  Twelve  months  later  H.M.S.  Garnet  passed  an  ice-island 
estimated  to  be  10  miles  long,  which  similarly  appeared  to  be  aground,  in  46*  S., 
61*  W.,  about  330  miles  north  of  the  Falklands.  These  three  instances  show 
that  it  is  unsafe  to  assume  that  the  passage  between  the  Falklands  and  the 
mainland  is  always  free  from  ice. 

In  April  1892,  the  Grorndale^  in  46°  S.,  36*  W.,  was  in  the  presence  of 
innumerable  bergs,  one  of  which  was  1000  ft.  high  as  reported  personally 
to  the  Meteorological  Office  by  Captain  Andrew  on  arrival  in  London.  At 
daylight  she  was  discovered  to  be  standing  into  a  horse-shoe  shaped  bay  which 
had  been  hollowed  out  of  one  side  of  an  ice-island  of  awe-inspiring  magnitude. 
Vertical  icy  cliffs,  over  300  ft.  high,  were  on  either  side,  and  right  ahead ;  and 
at  least  50  peculiarly  opaque  bergs  were  adrift  in  this  bay.  Eventually 
Captain  Andrew  succeeded  in  beating  out  into  open  water  without  mishap. 
This  peculiar  form  of  berg  is  not  by  any  means  unique,  and  the  fact  should  be 
remembered  by  seamen.  In  January  1893,  for  example,  the  ships  Wasdale 
and  Stracathro  were  in  company  in  47*  S.,  42*  W.  One  day  at  sunrise  they 
found  themselves  in  an  iceberg's  horse-shoe  shaped  bay.  It  was  20  miles  long, 
4  miles  across  at  the  entrance,  and  increasing  to  a  width  of  20  miles  in  the 
middle  area.  Dam  pier,  in  his  Voyages,  has  described  just  such  an  ice-island. 
Throughout  the  five  months  ended  April  1855  there  was  probably  the  largest 
ice-island  on  record  drifting  about  between  44*  S.,  28*  W.,  and  40*  S.,  20*  W. 
This  danger  was  hook-shaped  and  had  a  height  of  300  ft  Its  longer  shank 
stretched  60  miles  without  a  break,  and  the  shorter  was  40  miles  long. 
Between  these  promontories  of  ice  was  a  bay  40  miles  across.  Three  vessels 
became  embayed,  under  the  mistaken  idea  that  they  were  running  between 
two  huge  parallel  ice-islands,  and  one  of  them  was  wrecked.  The  Great  Britain 
coasted  along  a  side  of  this  danger  for  50  milea  In  June  1892,  the  Duntrune^ 
going  ten  knots,  collided  with  a  large  berg  in  47*  S.,  38*  W.  Her  bowsprit 
was  broken  short  off,  her  foretopmast  came  down  on  deck,  her  bows  were  stove 
in,  and  the  sea  poured  into  the  forecastle.  At  daybreak  this  berg  was  found 
to  be  300  ft.  high,  and  it  stretched  north-east  and  south-west  from  horizon  to 
horizon.  About  the  same  date,  in  54*  S.,  51°  W.,  the  Wellington  collided  with 
a  berg,  and  was  compelled  to  put  into  Kio  Janeiro  for  the  necessary  repairs. 
Early  in  the  month  the  County  of  Edinburgh  passed  numerous  bergs  in  45*  S., 
37*  W.,  ranging  from  200  ft.  to  900  ft  in  height ;  and,  not  far  remote,  the 
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Stanmore  was  encircled  by  beigs  some  of  which  were  6  miles  long  and  flash 
with  the  water.  Such  low  masses  of  ice  are  especially  dangerous ;  as  they 
can  only  be  discerned  by  the  breaking  of  the  sea  over  them.  In  April  1893, 
in  49**  S.,  51*  W.  the  Brier  Holme  was  surrounded  by  bergs,  some  of  which 
had  an  altitude  of  500  ft  to  1000  ft.  ;  and  the  Charles  Racine  sighted  a  berg, 
50"  S.,  52"*  W.,  which  was  1000  ft.  high  and  "several  miles  in  extent,"  thus 
confirming  the  report  from  the  Brier  Holme, 

During  June  1906,  a  number  of  very  large  bergs  were  seen  in  the  vicinity 
of  Cape  Horn.  Between  58'  8.,  68*  W.,  and  58*  S.,  68*  W.,  the  Monkbame 
sighted  a  tabular  berg  which  was  200  ft  high  and  5  miles  long,  and  another 
200  ft  by  3  miles  long.  The  Ascensume  reported  one  600  ft  high  and  6  miles 
long,  and  probably  aground. 

In  May  1892,  the  Strathdon,  Captain  A.  T.  Wills,  was  surrounded  by  ice- 
bergs in  45*  S.,  25*  W.  They  were  of  enormous  size,  and  she  narrowly  escaped 
collision  with  one,  during  the  prevailing  fog,  which  was  at  least  1000  feet 
high.  The  only  opening  seemed  scarcely  wide  enough  for  the  barque  to  pass 
through,  and  her  yards  almost  touched  the  ice  on  either  hand  as  Captain 
Wills  stood  boldly  out  for  the  open  water.  Next  day  the  vessel  sailed  40 
miles  along  one  side  of  an  ice-island  which  had  an  altitude  of  from  800  ft. 
to  1000  ft  In  April  1895,  the  Lowther  Castle  was  similarly  surrounded  by 
icebergs,  one  of  which  was  635  ft  high  by  sextant,  in  45*  S.,  25*  E.,  and  she 
had  very  remarkable  escapes  from  collision  with  one  or  other  of  these  dangers 
during  the  ten  days  ice  was  in  sight  on  her  way  east.  About  the  same  time  the 
Eamock  fell  in  with  a  berg  in  46*  S.,  20*  E.,  and  for  several  days  she  sailed 
between  long  rows  of  icebergs.  At  one  instant  not  fewer  than  100  were  in 
sight  from  the  barque's  deck  ;  and  altogether  she  must  have  passed  over  900, 
some  of  which  were  600  ft.  high  and  3  miles  in  length. 


RECENT  PUBLICATIONS. 

About  the  JVecUher,      By  Mark  W.  Harrington.     New  York,  1907. 
8vo.     XX  +  246  pp. 

This  is  one  of  Appleton's  "Home  Reading  Books,"  and  is  consequently 
written  in  a  very  simple  style.  The  author  is  a  master  of  his  subject,  as  he  was 
for  some  years  the  head  of  the  U.S.  Signal  Service.  In  the  Preface  he  says : 
"  In  the  theory  of  education,  which  above  all  aims  to  be  practical,  in  selecting 
branches  of  instruction  that  are  best  fitted  to  be  turned  to  account  in  life  and 
experience,  a  study  of  the  art  of  forecasting  the  weather  must  naturally  hold  a 
high  place :  and,  indeed,  in  any  system  of  education,  few  fields  of  scientific 
investigation  offer  more  interesting  and  valuable  results  in  teaching  close  and 
discriminating  observation  of  nature,  and  in  reasoning  out  and  drawing  logical 
conclusions  from  given  premises,  than  does  this  study." 

The  following  extract  from  the  chapter  on  "  General  Storms,  Cyclones,  or 
Lows  "  will  give  an  idea  as  to  the  style  in  which  the  book  is  written  : — 

"  The  most  remarkable  discovery  in  the  modern  study  of  the  weather  is  the 
cyclone.  By  this  word  is  meant,  not  necessarily  a  furious  destructive  storm, 
but  only  a  circular  mass  of  air — a  flat,  thin  vortex,  shaped  like  a  wafer,  and 
having  a  system  of  internal  motions  of  its  own.  These  motions  may  be  so 
intense  as  to  be  very  destructive,  but  nine  times  in  ten  the  cyclone  is  a  very 
gentle  creature — in  some  cases  so  gentle,  that  though  it  passes  over  our  heads, 
it  requires  close  observation  and  delicate  instruments  to  detect  it     It  is  not 


Digitized  by 


Google 


RECENT  PUBLICATIONS  217 

once  in  a  hundred  times  that  a  cyclone  does  any  damage  to  man,  even 
when  we  count  an  occasional  stroke  of  lightning.  The  word  cyclone,  however, 
is  so  frequently  misunderstood  that  meteorologists  generaUy  use  others, 
except  when  they  write  for  their  fellow  students  of  the  weather.  They  often 
call  these  masses  of  air  general  storms,  hecause  they  are  great  disturbances  of 
the  atmosphere,  and  therefore  are  storms  in  a  proper  sense  of  the  word,  though 
not  always  in  the  popular  sense.  To  avoid  the  misapprehension  that  the  word 
storm  creates,  meteorologists  often  use  the  word  4ow'  as  a  substitute  for 
*  cyclone '  or  '  general  storm,'  because  it  has  no  evil  popular  associations 
with  it.  And  this  word  is  appropriate,  for  it  expresses  the  state  of  the 
barometer  in  a  cyclone.  Besides,  this  is  the  word  used  on  the  weather  map 
to  mark  the  centre  of  the  cyclone. 

<*  The  cyclone  appears  on  the  map  as  an  area  of  low  pressure.  Around  the 
centre  the  isobars  are  closed  up,  enclosing  an  area  or  island  of  low  pressure. 
The  enclosing  isobars  are  usually  nearly  circular,  but  sometimes  oval  or  even 
irregularly  elongated.  When  they  are  so  elongated  that  a  projection  or  trough 
extends  towards  the  equator,  they  are  likely  to  develop  a  series  of  local  storms 
of  great  interest" 

CliTiiate.  Considered  Especially  in  Relation  to  Man,  By  Egbert  De 
CouRCY  Ward,  Assistant  Professor  of  Climatology  in  Harvard 
University.  With  Illustrations.  London :  John  Murray,  1908. 
8vo.     XV  +  372  pp. 

The  author  states  that  this  work  is  based  on  lecture-notes  which  have  been 
accumulating  for  the  last  ten  years.  It  does  not  attempt  to  present  any  very 
new  or  original  material,  but  it  does  aim  to  co-ordinate  and  set  forth  clearly  and 
systematically  the  broader  facts  of  climate  in  such  a  way  that  the  general  reader, 
although  not  trained  "  in  the  technicalities  of  the  science,''  may  find  it  easy  to 
appreciate  them.  At  the  same  time,  the  needs  of  the  teacher  and  student  have 
been  kept  constantly  in  mind,  and  the  subject-matter  has  been  arranged  in  such 
a  way  as  seems  best  to  adapt  it  for  purposes  of  thorough  study. 

The  general  scope  and  purpose  of  the  different  sections  in  Climate  are  as 
follows.  The  Introduction  is  essentially  a  very  condensed  synopsis  of  the  first 
six  chapters  of  Hann's  first  volume,  Handhuch  der  Klimatologicj  with  the  addition 
of  some  other  matter.  Chapter  I.  gives  a  sketch  of  the  classification  of  the 
zones.  Chapters  II.  and  III.  give  a  brief  summary  of  the  general  climatic 
types  which  result  from  the  control  of  land  and  water,  and  of  altitude,  over 
the  more  important  elements  of  climate.  Chapters  IV.,  V.,  and  VI.  are 
intended  to  give  an  outline  of  the  climatic  characteristics  of  the  zones  in  a 
simple  and  vivid  form,  with  the  least  possible  use  of  tabular  matter.  For 
further  general  information  on  this  subject,  reference  may  be  made  to  the 
world-charts  of  temperature,  winds,  cloudiness,  rainfall,  etc.,  given  with  greater 
or  less  completeness  in  the  various  text-books  of  meteorology  and,  very  fully, 
in  the  Atla*  of  Meteorology,  In  Chapter  VII.  the  attempt  is  made  to  give  a 
survey  of  some  of  the  relations  between  weather  and  climate  and  a  few  of  the 
more  important  diseases.  Little  information  on  this  subject  is  readily  accessible 
to  general  readers.  The  life  of  man  in  the  tropics,  the  temperate  zones, 
and  the  polar  zones  is  considered  in  Chapters  VIII.  to  X.  No  attempt  has 
been  made  by  the  author  to  discuss  this  subject  in  detail,  but  it  has  rather 
been  his  plan  to  pick  out  typical  illustrations  here  and  there,  as  suggestions. 
Many  of  the  cases  referred  to  will  probably  be  familiar  to  teachers  and  students 
of  geography,  but  the  co-ordination  of  all  the  examples  by  climatic  zones  and 
by  the  natural  climatic  sub-divisions  of  these  zones  will,  it  is  hoped,  tend  to 
give  adequate  emphasis  to  the  climatic  factor,  which  has  hitherto  been  much 
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neglected.  The  final  chapter,  on  changes  of  climate,  deals  with  historic  and 
periodic,  and  not  with  geologic,  changes.  The  last  phase  of  the  subject  has  been 
fuUj  discussed  in  many  books,  while  the  former,  which  are  of  more  interest 
to  most  persons,  have  received  much  less  attention.  The  question  of  the 
influence  of  forests  on  climate,  which  many  readers  may  expect  to  find 
considered  in  this  book,  is  omitted  because  it  is  adequately  taken  up  in  Hann's 
Handbook 
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THE  DAWN  OF  METEOROLOGY. 

By  Dr.  G.  HELLMANN, 

Professor  of  Meteorology  at  the  University  of  Berliu,  Director  of  the  Royal  Prussian 
Meteorological  Institute,  Honorary  Member  of  the  Royal  Meteorological  Society. 

[A  Lecture  deliyered  before  the  Royal  Meteorological  Society,  March  11,  1908.] 

(Plate  3.) 

First  of  all  I  beg  to  return  my  best  thanks  to  the  President  and  Council 
of  the  Royal  Meteorological  Society  for  having  been  so  kind  as  to  invite 
me  to  deliver  this  evening  a  Lecture  before  the  Society.  Highly 
appreciating,  as  you  know,  your  Society,  the  oldest  one  of  the  kind 
existing,  I  gladly  accepted  the  invitation,  and  have  chosen  as  the  subject 
of  my  lecture  a  theme  which  has  not  yet  been  fully  dealt  with  in  this 
country. 

I  shall  speak  on  the  earliest  evolution  of  meteorology,  when  our 
science  was  in  its  infancy ;  but  before  proceeding  to  do  so,  let  me  ask 
you  to  excuse  any  errors  which  I  may  commit  in  your  tongue. 

Meteorology  as  a  science  is  young,  but  as  a  branch  of  knowledge 
very  old,  perhaps  as  old  as  mankind.  Indeed,  the  beginnings  of 
meteorology  are  to  be  found  with  the  origin  of  human  civilisation. 

In  those  remote  times,  man  living  as  hunter  or  agriculturist  mostly 
in  the  open  air  was  more  influenced  by  and  more  depending  on  the 
weather  than  we  are  ourselves  at  present^  and  he  was  therefore  forced  to 
watch  atmospheric  phenomena.  He  did  so,  of  course,  not  in  order  to  study 
the  atmosphere  and  to  discover  its  laws,  but  to  derive  immediate  advantages 
for  himself.  He  was  anxious  to  learn  how  to  protect  his  house  against 
the  inclemency  of  the  weather,  how  to  foresee  the  best  atmospheric 
conditions  for  his  undertakings,  or  how  to  find  out  the  most  favourable 
climatic  situations  for  his  fields. 

The  experience  of  the  more  intelligent  men  in  this  respect  was  handed 
down,  and  at  the  same  time  augmented,  from  generation  to  generation^ 
and  formed  very  early  an  essential  element  in  the  knowledge  of  the  people. 
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It  was  the  popular  weather-wisdom  which  is  still  living  nowadays 
and  will  never  die.  This  weather  knowledge  soon  assumed  the  form 
of  short  proverbs,  or  rather  absolute  rules,  because  thus  they  were  easily 
committed  to  memory.  Although  a  good  many  of  these  early  weather- 
rules  were  based  on  the  real  observation  of  natural  signs,  such  as  winds, 
clouds,  and  optical  phenomena  in  the  sky,  yet  many  of  them  arose  out 
of  false  combinations  and  conclusions,  and  were,  moreover,  mixed  with 
superstitious  ideas  which  then  pervaded  all  human  thoughts. 

It  would,  therefore,  be  wrong  to  imagine  that  the  rich  store  of  weather- 
lore  found  in  the  Bible,  especially  in  the  Book  of  Job,  in  the  poems  of 
Homer  and  Hesiod,  that  is,  in  writings  of  the  eighth  century  B.C., 
originated  then  in  Palestine  or  Greece.  On  the  contrary,  the  familiarity 
of  the  people  with  the  sayings  and  rules  concerning  the  weather,  revealed 
to  us  by  these  writings,  show  clearly  that  they  must  be  considered  even 
then  as  a  primeval  stock  of  culture.  Indeed,  there  is  every  reason  to 
believe  that  the  origin  of  a  great  deal  even  of  the  modem  weather-lore 
can  be  traced  to  its  Indo-Germanic  source. 

In  two  instances  I  have  succeeded  in  proving  the  great  age  of  modern 
weather-lore,  and  it  seems  to  me  deserving  of  notice  that  in  both  cases 
weather-superstition  is  concerned,  for  it  is  notorious  that  nothing  has 
such  strong  roots  in  the  mind  of  the  people  as  superstition. 

You  know  well  that  people  attribute  a  good  deal  of  prognostic 
signification  to  the  so-called  "  twelve  nights  "  (or  "  twelve  days  ")y  which 
formerly  were  counted  from  the  beginning  of  the  year,  but  later,  under 
the  influence  of  the  Christian  Church,  from  Christmas.  People  believe 
that  the  weather  of  these  twelve  nights  (or  days)  corresponds  with  that  of 
the  twelve  months  of  the  following  year — indeed,  a  rather  simple  forecast 
of  long  range  if  it  were  true !  This  superstition  is  met  in  the  whole 
of  European  literature  back  to  the  fifteenth  century,  and  still  earlier  in 
many  MSS.  Also  the  venerable  Bede  mentions  it ;  and  the  Byzantine- 
Greek  work  on  agriculture,  called  Geoponica,  which  was  collected  in  the 
sixth  century  A.D.,  tells  us  that  even  Democritus,  in  the  fifth  century 
B.G.,  was  familiar  with  it  in  pretty  much  the  same  form.  On  the  other 
hand,  we  learn  from  the  Sanskritists  that  the  old  Indian  or  Vedic  texts 
reveal  the  same  belief  in  the  twelve  nights  as  a  symbol  of  the  follow- 
ing twelve  months.  But  this  superstition  not  only  spread  westwards 
with  the  Indo-Germanic  race,  it  migrated  also  eastwards  to  China,  where 
on  New- Year's  Day  a  custom  is  still  in  use  which  is  based  on  the 
same  Indo-Germanic  conception. 

Another  superstition  concerning  the  weather  leads  us  to  old 
Babylonia. 

Many  European  chapbooks  of  past  centuries,  and  a  little  Swedish 
book,  Sihylke  Frophetia,  which  is  sold  to-day  at  fairs,  contain  forecasts 
of  the  weather  and  fertility  of  the  whole  year  deduced  from  the 
thunder  heard  in  each  of  the  twelve  months.  These  "  signa  tonitrui " 
can  be  followed  up  in  MSS.  till  the  Middle  Ages,  and  goes  back  apparently 
to  the  rich  literature  of  thunder-almanacs  or  brontologies,  in  the  com- 
position of  which  in  the  fourth  and  fifth  centuries  even  Byzantine 
emperors  have  taken  part.  In  a  similar  chapter  of  the  already  cited 
Greek  book  Oeopanica  this  doctrine  is  attributed  to  Zoroaster. 
Though  this  may  not  be  the  real  author,  yet   his  name  indicates  its 
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Oriental  origin.  And,  indeed,  I  found  in  the  works  of  the  Asayri- 
ologists — Sayce  at  Oxford  and  L^normanb  in  Paris — some  translations 
of  cuneiform  tablets  proving  the  Ghaldaic  origin  of  this  superstition 
concerning  thunder. 

The  state  of   meteorology  in  the  old   Babylonian  culture,  namely, 
three  to  one  thousand  years  B.C.,  shows  quite  another  character  than  it 
id  in  those  primeval  times  in  which  the  weather  proverbs  originated. 

After  having  been  formed  into  the  beginnings  of  a  learned  profession 
by  the  priests,  the  atmospheric  phenomena  were  brought  by  them  into 
connection  with  the  constellations  of  the  heavenly  bodies,  and  a  complete 
system  of  consequences  and  combinations  was  established  which  gave 
rise  to  the  Astro-Meteorology.  It  even  formed  an  integral  part  of 
the  Assyric-Babylonian  religion. 

Thanks  to  the  memorable  discovery  by  Sir  Henry  Rawlinson  of  the 
astrological  cuneiform  library  of  Assurbanipal,  now  preserved  in  the 
British  Museum,  and  of  which  some  parts  have  been  deciphered 
quite  recently  by  Mr.  R.  Campbell  Thompson  and  Rev.  Franz  Xavier 
Kugler,  S.J.,  we  got  for  the  first  time  a  very  interesting  insight  into 
the  astro-meteorological  system  of  old  Mesopotamia,  the  existence  of 
which  system  was  often  alluded  to  by  the  writers  of  antiquity,  but 
which  was  never  fuller  explained. 

The  meteorological  observations  of  the  Chaldeans  were  apparently 
of  a  quite  selective  nature,  referring  above  all  to  optical  phenomena, 
especially  to  the  halos.  They  distinguished  clearly  the  small  halo  of 
22°  diameter,  called  "tarbasu,"  from  the  greater  one  of  45°,  called 
"supuru."  Besides,  they  paid  much  attention  to  clouds,  winds,  storms, 
and  thunder.  But  a  good  many  of  these  observations  served  more  for 
a  general  prophecy  of  good  and  bad  things,  or  omens,  than  for  the  fore- 
cast of  the  weather.  All  these  predictions  were  addressed  to  the  King, 
and  contained  at  the  end  the  authority,  that  is,  the  name  of  the 
astrologer,  on  whom  they  were  based. 

Let  me  give  some  examples  : — 

(Thompson,  98). — ^When  a  dark  halo  surrounds  the  moon,  the  month  will 
bring  rain  or  will  gather  clouds.  When  a  halo  surrounds  the  moon  and  Mars 
stands  within  it,  there  will  be  a  destruction  of  cattle.  Aharru  will  be  diminished 
(it  is  evil  for  Aharru). 

(Thompson,  248). — When  a  cloud  grows  dark  in  heaven,  a  wind  will  blow. 
From  Nabu-ahi-iriba. 

(Thompson,  253). — When  it  thunders  in  the  day  of  the  moon's  disappear- 
ance, the  crops  will  prosper  and  the  market  will  be  steady.     From  Alaridu. 

It  seems  to  me  interesting  to  point  out  that  in  the  Vedic  texts, 
especially  in  the  commentary  to  the  Samaveda,  similar  consequences  are 
deduced  from  rare  meteorological  phenomena,  but  with  this  difference 
that  here  also  the  sacrifices  prescribed  for  them  are  indicated.  And  you 
know  that  at  Rome  also  all  extraordinary  natural  phenomena  were 
considered  as  omina  and  portenia  which  had  to  be  expiated  by  the 
priests. 

No  meteorological  theory  has  yet  been  discovered  in  the  Babylonian 
tablets,  of  which,  of  coxu-se,  only  a  small  number  has  been  preserved,  and 
even  a  smaller  number  deciphered.     But  I  was  quite  recently  greatly 
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surprised  to  find  that  the  Babylonians  had  the  windrose  of  eight 
rhumbs,  and  used  already  the  names  of  the  four  cardinal  points  to 
denominate  the  intermediate  directions;  whereas  it  was  till  now 
generally  supposed  that  we  owe  to  Charles  the  Great,  or  perhaps  to 
his  learned  monk  Alcuin,  who  came  from  Yorkshire,  this  progress  of  the 
combination  of  the  four  principal  winds  to  denote  all  others.  That  was 
indeed  a  great  advance,  for  it  is  well  known  that  in  the  Greek  and 
Boman  periods  each  wind  had  its  peculiar  name,  a  practice  still  in  use 
amongst  the  Italian  mariners  in  the , Mediterranean. 

The  Babylonians  counted  the  four  cardinal  points  in  the  order  South, 
North,  East,  West  (5w/u,  ilianiiy  sadu,  amurra),  and  by  combining  them 
with  the  word  and  (w),  they  formed  e.g.  hdu  u  sadu  =  South-east,  iltanu 
u  amuna  =  North-west,  and  so  on. 

From  the  Babylonians  to  the  Greeks  is  a  far  cry,  but  there  is  also 
great  progress  from  a  meteorological  point  of  view.  It  seems  that  the 
Greeks  were  the  first  to  make  regular  meteorological  observations,  some 
results  of  which  are  still  preserved,  and  that  their  great  capacity  for 
pure  science  induced  them  to  establish  meteorological  theories 

My  first  statement  is  not  only  proved  by  Theophrastus,  who  quotes 
several  men  in  Asia  Minor  and  Greece  making  meteorological  observa- 
tions, but  also  by  the  interesting  fact  that  since  the  time  of  Meton, 
namely,  since  the  fifth  century  B.C.,  in  the  so-called  parapegmata 
(irapairrjyfiaTa),  a  kind  of  peg  almanac  fixed  on  public  columns,  the  general 
data  of  the  weather  resulting  from  observations  were  exhibited.  And 
as  these  weather-almanacs  differed  from  town  to  town,  it  clearly  follows 
that  they  were  based  on  individual  observations  made  in  each  district. 

Here  is  an  example  taken  from  the  parapegina  of  Geminos,  whose 
book,  entitled  Introduction  to  the  Phenomena^  is  of  special  value  for  this 
question : — 

August  31. — ^The  shoulders  of  Virgo  are  rising.     The  winds  called  ^ryja-iat 

cease  to  blow. 
September  5. — Rising  of  Arcturus.     South  wind,  rain, » and  thunder. 
September  12. — The  weather  will  likely  change. 
S^teniber  1 4. — ^Mostly  fine  weather  for  seven  days,  thereafter  easterly  winds. 

I  am  able  to  show  to  you  some  fragments  of  such  a  parapegma  found 
recently  at  Miletus,  and  now  preserved  in  the  Museum  at  Berlin  (Plate  3, 
Figs.  1  and  2). 

In  the  holes  you  can  see  in  the  marble  stone  little  wooden  pegs  were 
put  in  order  to  fix  the  beginning  of  the  year  and  the  days,  which  gave 
rise  to  the  name  parapegma,  to  be  derived  from  the  Greek  verb  irapa- 

irriyvvvai  =  to  fix  into. 

It  is  not  surprising  that  in  these  parapegmata  the  observations  of  the 
wind  prevail  over  all  others,  for  they  were  of  practical  use  to  navigation 
and  easily  made.  Also,  the  origin  of  the  winds  has  always  been  a  favourite 
subject  of  speculation  among  the  Greek  philosophers.  In  the  epoch  of 
Homer  winds  were  still  conceived  as  absolute  beings  like  gods,  whereas 
Anaximander  of  Ionia,  who  lived  in  the  fifth  century  B.C.,  is  the  first  to 
give  a  scientific  definition  of  the  wind,  which  is  still  valid.  He  says  : 
av€/iov  cfvai  pv(riv  depos,  the  wind  is  a  flowing  of  air. 

It  is  therefore  quite  natural  that  the  Greeks  even  at  this  early  period 
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Fig.  1. — Fragment  of  Parapegma. 


Fio.  2. — Fragment  of  Parapegma. 


Quart.  Joum.  Roy.  Met.  Soc.  vol.  34,  PI.  3. 
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used  wind-vanes,  which  represent  the  older  meteorological  instrument, 
and  a  most  interesting  example  of  it  is  preserved  in  the  "  Tower  of  Winds  " 
at  Athens.'    But  I  am  inclined  to  believe  that  the  principal  purpose  of 


Fio.  3. 


this  architectural  monument,  which  your  Society  has  chosen  by  way  of 
emblem,  was  not  the  observation  of  the  direction  of  the  wind.  The 
tower  stands  on  the  market-place  in  the  low  town  immediately  at  the 
foot  of  the  high  Acropolis,  and  is  therefore  too  much  sheltered  (Fig.  3). 
It  was,  perhaps,  rather  a  useful  time-keeper  for  the  people  attending  the 
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market,  since  it  contained  a  clepsydra,  or  water-clock,  which  was  moved 
by  the  water  of  a  still  existing  fountain  in  the  neighbourhood  bearing  the 
same  name  KAc^vSpa.  I  suppose,  therefore,  that  the  architect,  Andronikos 
Kyrrhestes,  mostly  for  reasons  of  architectural  beauty  and  harmony,  com- 
bined with  this  poor-looking  clock  a  more  magnificent  octagonal  tower 
with  ai*tistic  emblems  of  the  winds.  I  am  confirmed  in  my  opinion  by  the 
fact  that,  according  to  Theophrastus,  the  astronomers  and  meteorologists 
of  Athens  avoided  making  their  observations  in  the  town,  but  preferred 
to  go  for  this  purpose  to  the  top  of  Hymettos,  which  hill  lies  quite  out- 
side the  town  in  an  open  situation. 

At  the  time  of  the  construction  of  the  tower,  namely,  in  the  first 
century  B.C.,  a  great  many  wind- vanes  were  already  in  use;  for  a 
contemporary  Roman  writer,  Terentius  Varro,  tells  us  that  in  Roman 
villas  they  were  constructed  in  such  a  manner  as  to  show  the  direction 
of  the  vane  on  a  windrose  fixed  to  the  ceiling  of  the  room  ("ut  intus 
scire  possis  "). 

Notwithstanding  the  great  use  made  of  the  wind-vane,  it  has  always 
struck  me  as  curious  that  no  Greek  or  Roman  word  for  it  has  been 
handed  down  to  us. 

Soon  after  these  earliest  qualitative  observations  of  the  weather  and 
direction  of  the  wind  we  find  the  first  quantitative  ones,  that  is  to  say,  the 
measurement  of  rain,  in  the  first  century  A.D.  It  was  made  in  Palestine, 
where  the  great  influence  of  rainfall  on  the  crops  must  have  been  fully 
appreciated  at  an  early  date,  and  the  results  of  which  observations  are 
preserved  in  the  Mishnah,  a  collection  of  Jewish  religious  books  apart 
from  the  Bible.  It  seems  to  me  most  interesting  to  state  that  the  amount 
of  rainfall  then  considered  as  normal  for  a  good  crop  corresponds  pretty 
closely  with  that  deduced  from  the  modern  observations  made  by  Mr. 
Thomas  Chaplin  at  Jerusalem,  whence  it  can  be  inferred  that  the  climate 
of  Palestine  has  not  changed.  You  know  that  the  French  scientist  Arago 
came  to  the  same  conclusion  mainly  by  phenological  arguments. 

Many  of  my  audience  will  perhaps  be  astonished  when  I  state  that 
we  are  indebted  also  to  antiquity  for  the  first  idea  of  a  most  important 
modern  meteorological  instrument.  For,  as  I  well  know,  most  scientists 
are  still  of  the  opinion  that  antiquity  achieved  nothing  concerning 
physical  instruments  and  experiments.  But  the  more  we  become 
acquainted  with  the  scientific  and  technical  literature  of  the  Greeks  and 
Romans,  which  at  present  is  often  the  subject  of  study  of  philologists  in 
preference  to  the  classical  authors,  the  more  we  learn  their  many  positive 
results  in  this  respect. 

There  are  two  physicists  of  special  interest  to  us  in  this  connection, 
namely,  Philo  of  Byzantium,  who  lived  in  the  third  century  B.C.,  and  Hero 
of  Alexandria,  whose  century  is  not  yet  settled,  but  who  certainly  lived 
after  Philo  and  the  great  mathematician  Archimedes,  both  being  quoted 
by  him.  In  the  writings  of  these  two  physicists  we  find  the  description 
of  an  apparatus  which  represents  the  primitive  idea  of  the  thermo- 
scope. 

Philo's  description  in  his  work  De  ingeniis  spintualibus  (On  Pressure 
Engines),  the  Greek  original  of  which  is  lost,  only  an  Arabian  and  a  Latin 
translation  being  preserved,  will  be  made  intelligible  by  Fig.  4.  He 
says: — 
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One  takes  a  leaden  globe  of  moderate  size,  the  inside  of  which  is  empty  and 
roomy.  It  must  neither  be  too  thin  that  it  cannot  easily  burst,  nor  too  heavy, 
but  quite  dry  so  that  the  experiment  may  succeed.  Through  an  aperture  in  the 
top  is  passed  a  bent  siphon  reaching  nearly  to  the  bottom.  The  other  end  of 
this  siphon  is  passed  into  a  vessel  filled  with  water,  also  reaching  nearly  to  the 
bottom,  so  that  water  may  the  more  easily  flow  out.  a  is  the  globe,  h  the 
siphon,  and  g  the  vessel.  I  assert,  when  the  globe  is  placed  in  the  sun  and  be- 
comes warm  some  of  the  air  inclosed  in  the  tube  will  pass  out  This  will  be 
seen,  since  the  air  flows  out  of  the  tube  into  the  water^  setting  it  in  motion  and 
producing  air-bubbles,  one  after  the  other.  If  the  globe  is  placed  in  the  shadow 
or  any  other  place  where  the  sun  does  not  penetrate,  then  the  water  will  rise 


Fig.  4. 


through  the  tube  flowing  into  the  globe.  If  the  globe  is  again  placed  in  the 
sun  the  water  will  return  to  the  vessel,  and  vice  versa  ....  The  same  effect 
is  produced  if  one  heats  the  globe  with  fire  or  pours  hot  water  over  it.  .  .  . 

Somewhat  more  complicated  is  the  similar  apparatus  of  Hero,  to 
which  h«  gives  the  name  AijSas,  or  drip  (Fig.  5). 

Now  it  happened  that  this  book  of  Hero  on  pneumatics,  which 
must  have  been  widely  distributed  already  in  MS.,  was  translated  in 
the  eighteen  years  between  1575  and  1592  no  less  than  twice  into  Latin 
and  three  times  into  Italian.  It  was  studied  by  Galileo,  Porta,  and  Drebbel, 
and  gave,  about  the  year  1600,  to  all  three  men  the  idea  of  constructing 
a  thermoscope,  and  to  the  last  one  also  the  impulse  of  making  an  experi- 
ment on  the  origin  of  the  winds. 

From  this  it  appears  there  is  an  interesting  connection  between  the 
science  of  two  remote  periods  with  an  interval  of  time  of  more  than 
1800  years! 

As  I  said  before,  the  Oreeks  were  also  the  first  to  start  theories  of 
meteorological  phenomena.  Indeed,  since  the  time  of  the  oldest  philo- 
sophical school,  that  of  Ionia,  there  are  few  Greek  philosophers  who 
were  not  interested  in  some  branch  of  meteorology.  This  covered  a 
wider  field  of  research  then  than  at  present,  embracing,  besides  meteor- 
ology in  the  modern  sense,  also  a  good  deal  of  physical  geography  and 
astronomy,  especially  shooting-stars,  meteors,  and  comets.  The  favourite 
meteorological  subjects  of  speculation  and  research  seem  to  have  been 
the  origin  of  the  winds,  the  theory  of  the  rain,  including  the  regular 
inundation  of  the  Nile,  and  the  rainbow.  A  good  many  cosmological 
speculations  were  also  put  forward  by  the  meteorologists  which  often 
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proved  false,  and,  considered  from  a  practical  point  of  view,  in  all  cases 
rather  useless,  whence  in  the  period  of  Socrates  meteorology  itself  came 
into  disrepute.  A  new  word  was  coined — /xrrcwpoAco-x^s  instead  of 
/ji^T€<i}p6\oyo^ — ^in  order  to  designate  a  mean  babbling  about  sublime 
things.  Aristophanes'  comedy.  The  Clouds^  seems  expressly  composed 
for  the  derision  of  these  theorisers. 

But  notwithstanding,  meteorology  made  some  real  progress  in  time, 
and  reached  such  perfection  a  century  later  that  the  system  established 
by  Aristotle  remained  for  nearly  two  thousand  years  the  standard  text- 
book of  our  science.  To  be  sure,  considered  from  a  modem  point  of 
view,  Aristotle's  meteorology  was  antiquated  long  ago,  but  if  you  imagine 
yourselves  back  in  those  old  times  you  will  agree  with  me  that  his  treatise 


FiQ.  5. 


of  meteorology — the  earliest  one  existing — is  an  excellent  piece  of  work, 
and  well  worthy  of  the  greatest  systematiser  of  all  times. 

I  would  go  too  far  if  I  were  to  analyse  here  the  merits  and  demerits 
of  Aristotle's  meteorology.  It  may  be  sufficient  to  say  that  his  most 
distinguished  successors,  such  as  Theophrastus  and  Posidonius,  have  added 
but  little  to  the  perfection  of  his  system,  which,  on  the  contrary,  gave 
rise  to  innumerable  commentaries  and  paraphrases.  All  text-books  of 
meteorology  issued  on  the  Continent  till  the  end  of  the  seventeenth 
century  are  exclusively  based  on  Aristotle,  whereas,  curiously  enough, 
in  England  his  influence  was  much  less.  If  I  except  Duns  Scotus,  I 
do  not  know  any  British  scholar  who  has  written  a  commentary  on  the 
Meteorology  of  Aristotle,  and  even  this  one  has  quite  recently  been 
disputed.  It  is  true,  the  number  of  treatises  on  meteorology  published 
in  Great  Britain  before  1700  is  unusually  small  compared  with  that 
issued  contemporaneously  in  Germany,  Italy,  and  France,  in  Latin  or 
the  vernacular  language.^     Englishmen  seem  always  to  have  been  more 

^  Mr.  G.  J.  Symons  was  of  opinion  that  the  earliest  English  book  containing  meteorological 
subjects  was  The  Kalender  of  Shepeherdea^  printed  by  Wynkyn  de  Worde  in  1508.     I  can, 
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inclined  to  make  actual  observations  of  the  weather  than  to  theorise 
upon  it  and  to  write  systematic  treatises  on  meteorology. 

Among  the  Eomans  meteorology  made  but  little  progress,  like  all  other 
sciences  of  no  immediate  practical  value.  Pliny,  Seneca,  and  Lucretius 
do  not  add  any  remarkable  fact  or  theory  to  the  knowledge  of  the 
Greeks,  and  probably  the  same  can  be  said  of  the  lost  writings  of  Nigidius 
Figulus  and  Suetonius  Tranquillus.  From  Virgil  we  learn  some  new 
weather -proverbs  originating  in  Italy,  and  a  writer  on  agriculture. 
Columella,  who  owned  a  large  estate  near  Cadiz  in  Andalusia,  has  left 
behind  a  Calendarium  Rusticum^  or  rural  calendar,  with  many  interesting 
weather-observations  made  in  that  district. 

The  extensive  colonial  possessions  of  the  Eomans  were,  of  course, 
suitable  for  advancing  the  conceptions  of  climatological  differences  of 
the  countries.  As  the  great  military  expedition  of  Alexander  the  Great 
to  Inner  Asia  and  India  had  brought  to  the  Greeks  the  first  knowledge 
of  the  monsoon  winds,  so  the  Romans  were  the  first  to  point  out  the 
difference  between  the  continental  and  maritime  climate.  Minucius 
Felix,  a  Christian  writer  from  Africa,  living  in  the  second  century  A.D., 
says,  concerning  the  climate  of  Great  Britain,  "  Britannia  sole  deficitiu*, 
sed  circumfluentis  maris  tepore  recreatur,''  that  is,  freely  translated, 
"  Britain  has  little  sunshine,  but  a  mild  climate  on  account  of  the  warm 
sea-water  flowing  round  it." 

The  barbarous  state  of  Europe  after  the  fall  of  the  Western  Empire 
was  not  adapted  to  the  furthering  of  science,  which  was  barely  kept  alive 
within  the  Christian  Church.  Yet  the  purauit  of  meteorology  never 
wholly  ceased ;  for  the  Fathers  of  the  Church,  writing  commentaries  on 
the  work  of  the  seven  days,  the  so-called  Hexaemeron,  often  took  occasion, 
when  dealing  with  the  first  day  of  the  Mosaic  Creation,  to  insert  long 
elaborations  on  the  atmosphere  and  its  phenomena. 

At  the  very  beginning  of  the  Middle  Ages  the  great  encyclopedists, 
such  as  Isidorus  Hispalensis  in  Spain,  the  Venerable  Bede  in  Great 
Britain,  and  Rabanus  Maurus  in  Germany,  were  the  first  to  devote  more 
attention  to  meteorological  questions,  the  interest  in  which  must  have 

however,  state  that  the  first  English  printer,  William  Caxton,  had  previously  issued  in  1481, 
a  book  dealing  with  meteorology.  It  is  the  Myrrour  qf  the  Worlde,  "translated  out  of 
frensche  into  English  by  me  simple  person  Wyllm  Caxton,"  the  French  original  being  the 
Image  du  Monde,  composed  in  the  thirteenth  century.  The  last  chapters  of  the  "second 
book  "  are  entitled :  Ayer  and  his  nature  ;  clouds  and  rain  ;  frost  and  snow  ;  hail  and 
tempest ;  lightning  and  thunder  ;  winds  ;  fire  and  falling  stars. 

But  a  really  systematic  treatise  on  meteorology  was  not  published  in  England  until  the 
year  1563.  This  bears  the  curious  title :  A  Goodly  GaUerye  with  a  mast  pleasaunt  Prospect 
into  the  garden  of  naturall  Contemplation^  to  behold  the  naturall  causes  of  all  kynde  of 
Meteors,  as  loel  fyery  and  ayei-y,  as  watry  and  earthly,  etc.,  and  was  written  by  William 
Fulke,  "Doctor  in  Divinitie."  This  small  book  in  octavo  was  reissued  with  varying  titles 
in  1671,  1634,  1639,  1640,  1654,  1655,  and  1670,  and  so  passed  through  more  editions 
than  any  other  English  meteorological  book.  The  author  deals  with  the  subject  in  a  more 
popular  than  scientific  manner. 

English  students  mostly  made  use  of  the  meteorological  treatise  written  in  Latin  by  the 
Belgian  professor  Libertus  Froidmont  (Latinised  Fromondus),  Meteorologicorum  libri  sex 
(Antverpiae,  1627,  4*"),  of  which  three  editions  were  issued  in  England,  namely,  Oxford 
1689,  London  1656,  and  London  1670. 

Other  treatises  on  meteorology  published  prior  to  1700  are  the  posthumous  work  of 
Edward  Brerewood,  De  if eteow  (Oxford,  1631;  third  edition,  1637);  Natures  Secrets,  or  the 
adinirdble  and  wonderfuU  history  qf  the  generation  qf  Meteors  ...  by  Thomas  Willsford 
(London,  1658  and  1665) ;  and  a  small  Treatise  on  Meteorology  by  the  Rev.  T.  Robinson 
(London,  1696). 
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been  considerable  in  England,  for  in  the  tenth  century  an  extract  of 
Bede's  writings,  concerning  astronomy  and  meteorology,  was  made  for 
the  uninitiated  in  the  Anglo-Saxon  language,  which  is  perhaps  the  earliest 
treatise  on  science  written  in  a  popular  form.  It  contains  chapters  on 
the  winds,  rain,  hail,  snow,  and  thunder. 

A  general  revival  of  studies  took  place  at  the  end  of  the  twelfth  century, 
when  the  writings  of  Aristotle,  among  which  was  his  Meteorology,  came 
to  the  knowledge  of  the  Western  students  by  Latin  translations  made  in 
Spain  from  the  Arabian  ones,  not  from  the  Greek  originals.  The  impos- 
ing meteorological  system  of  the  great  Stagirite  again  exercised  a  great 
influence  on  the  writings  of  the  scholars  and  on  the  teaching  in  the  recently 
established  universities,  where,  under  the  title  "  Meteora,"  regular  courses 
and  even  exercises  in  meteorology  were  held.  Albertus  Magnus  at 
Cologne  wrote  at  this  time  his  great  meteorological  works  (Be  Meteoris, 
libri  iv.,  and  De  Fassionibus  Aeris),  paraphrasing  chiefly  those  of  Aiistotle, 
but  adding  also  the  opinions  of  other  authorities  and  his  own  remarks ; 
and  at  the  same  time,  or  somewhat  later,  Vincent  de  Beauvais  in  France, 
Thomas  de  Cantimpr6  in  Belgium,  Ristoro  d'Arezzo  in  Italy,  Bartholomew 
Anglicus  (or  de  Glanvilla)  in  England,  incorporated  the  Aristotelian  ideas 
in  their  encyclopedic  works  all  bearing  the  general  title,  On  the  Nature  of 
Things  (De  Natura  Berum). 

But  the  firm  and  absolute  adherence  to  the  doctrines  of  the  master, 
Aristotle,  the  denying  of  all  that  could  not  be  found  in  his  writings, 
rendered  the  scholastic  meteorology  so  noxious  to  any  real  progress  that 
it  came  into  conflict  with  all  new  ideas.  Notwithstanding,  these  forced 
their  way  by  and  by,  and  the  beginnings  of  the  modem  experimental 
science  are  to  be  found  just  at  that  epoch  when  scholasticism  had 
reached  its  highest  point,  namely,  in  the  thirteenth  century. 

It  is  not  yet  definitely  settled  where  the  new  experimental  science 
took  its  origin — ^most  likely  contemporaneously  in  France  and  in  England, 
where  the  two  friends  Pierre  de  Maricourt  (Petrus  Peregrinus)  and  Roger 
Bacon  can  be  considered  as  the  first  great  representatives  of  the  new  aims. 

The  former,  a  French  nobleman  and  military  engineer,  is  the  author 
of  the  famous  treatise  on  the  magnet,  and  made  many  optical  experi- 
ments like  his  English  friend ;  and  although  both  have  not  dealt  with 
meteorology  properly  speaking — except  the  rainbow — yet  their  general 
influence  must  have  been  great  on  our  science  also.  Roger  Bacon's 
energetic  opposing  of  the  experiment  to  the  argument — "argumentum 
non  sufficit,  sed  experientia,"  he  says  in  his  Opus  Maju$-—cond\iced 
naturally  to  the  observing  of  atmospheric  phenomena  instead  of  only 
interpreting  the  writings  of  the  ancients. 

Thus  the  new  aims  advanced  meteorological  observations  also,  for 
which  the  ground  was  well  prepared.  As  I  have  just  shown,  such  ob- 
servations were  made  in  antiquity  and  never  had  wholly  ceased,  despite 
frequent  and  long  interruptions.  For  the  custom  of  the  Roman  historians 
to  note  in  their  annals  the  more  important  atmospheric  phenomena, 
especially  those  necessitating  sacrifices,  was  handed  down  to  the  chroniclers 
of  the  Middle  Ages,  whose  chronicles  became  richer  and  richer  in  entries 
of  the  weather,  till  at  the  end  of  the  thirteenth  century  these  records  are 
so  replete  with  remarks  on  the  weather  that  the  character  of  the  seasons 
could  be  traced  back. 
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And  now  the  time  is  ripe  for  more  systematic  observations,  and  we 
find  at  Oxford  William  Merle,  a  Fellow  of  Merton  College,  to  whom 
remains  the  distinction  of  being  the  first  man  in  the  Occidental  world  to 
keep  a  regular  journal  of  the  weather  day  by  day.  It  embraces  the  years 
1337  till  1344.  The  journal  was  wholly  forgotten;  but  reading  in  an 
old  volume  of  the  Philosophical  Transactions  (1685),  I  came  on  a  passage 
stating  that  such  a  journal  of  the  weather  is  preserved  at  the  Bodleian 
Library.  I  at  once  wrote  to  my  late  friend,  Mr.  G.  J.  Symons,  asking 
him  to  look  for  this  precious  MS.,  and  to  publish  it,  if  it  should  be  found. 
And  he  did  so.  He  published  in  1891  the  earliest  known  journal  of  the 
weather,  kept  at  Oxford  and  later  at  Driby  in  Lincolnshire,  where 
William  Merle  was  Eector. 

These  recorded  weather  observations,  of  which  I  show  as  a  speci- 
men  the  months  of   November  and   December  1341  (Fig.  6),  are  not 
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FiQ.  6. — Specimen  of  Merle's  Journal,  November  and  December  1341. 

the  original  journal  jotted  down  from  day  to  day,  or  week  to  week,  as 
time  passed  on.  Had  it  been  so  there  would  have  been  far  greater 
variation  than  there  is  in  the  size  and  character  of  the  letters.  The  MS. 
represents  only  a  r6sum^  of  the  daily  entries.    < 

A  close  examination  of  the  circumstances  forces  me  to  the  conclusion 
that  William  Merle  was  induced  to  make  regular  observations  by  the 
desire  to  ascertain  the  correctness  of  the  prognostics  made  by  hhnself 
and  his  colleagues  at  Oxford  where  meteorology,  or,  more  properly 
speaking,  astro-meteorology,  had  been  flourishing  since  the  time  of  Robert 
Grosseteste,  the  famous  Bishop  of  Lincoln.  Merle  himself  has  left 
behind  two  MSS.  on  the  forecasting  of  the  weather,  and  his  con- 
temporaneous Fellow  of  Merton  College,  John  Eschendon  (or  Ashendon), 
whose  name  has  been  corrupted  into  Eschuid,  completed  in  1348  a 
voluminous  treatise  of  astro -meteorology  bearing  the  title  Summa 
judicialis  de  acddentibus  mwndi.  It  was  printed  at  Venice  in  1489,  and 
served  in  the  sixteenth  century  as  a  text-book  at  the  University  of 
Vienna.  The  work  is  usually  quoted  in  meteorological  literature  under 
the  abbreviated  title,  Summa  Anglicana,  and  is  now  extremely  rare. 
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When,  eighteen  years  ago,  the  journal  of  William  Merle  was  redis- 
covered, it  seemed  to  stand  all  alone,  since  we  had  no  knowledge  of  other 
observations  made  in  England  or  abroad.  But  recently  I  have  been 
able  to  find  out  a  nearly  continued  sequence  of  series  of  such  observations, 
and  to  prove  that  from  the  fourteenth  to  the  middle  of  the  seventeenth 
centuries,  namely,  till  the  invention  of  meteorological  instruments,  the 
weather  has  been  regularly  observed  in  many  places  in  Central  and 
Western  Europe. 

I  had  noticed  that  some  copies  of  the  large  astronomical  work, 
published  in  1499  by  Justus  Stoeffler  and  Jacob  Pflaum  at  Tiibingen, 
Almanack  nova  plurinds  annis  ventmis  inservieniia,  containing  ephemerides 
for  the  years  1499  to  1531,  were  full  of  meteorological  entries  written 
on  the  broad  margins.  This  induced  me  to  make  systematic  inquiry 
into  copies  of  the  work  named  containing  smch  entries  preserved 
in  the  great  libraries  of  Germany,  Austria,  and  Switzerland.  The 
result  of  this  inquiry  was  rather  astonishing.  No  less  than  123 
dififerent  series  of  meteorological  observations  belonging  to  the  fifteenth, 
sixteenth,  and  seventeenth  centuries  were  dug  out.  Considering  that  this 
number  of  necessity  represents  but  a  small  proportion,  and  concerns  only 
some  parts  of  Central  Europe,  we  may  safely  presume  that  in  the  whole 
of  Europe  their  number  must  have  been  far  greater.  Some  of  these 
early  series  of  weather-observations  are  even  corresponding  ones,  made  by 
agreement. 

A  fresh  stimulus  for  observing  came  at  the  end  of  the  f  fteenth 
century  from  quite  another  direction.  The  great  discoveries  of  new  lands 
and  seas  considerably  enlarged  and  widened  old  ideas  and  conceptions. 
Atmospheric  phenomena  never  seen  before  came  to  the  knowledge  of 
man,  and  climates  very  different  to  those  at  home  became  known. 
Intelligent  men  were  struck  by  such  varieties,  and  we  can  clearly  observe 
their  effect  on  them  in  the  writings  of  that  epoch.  Luis  de  Camoes,  the 
famous  Portuguese  poet,  described  in  his  epos,  Os  Lusiadas,  for  the  first  time 
minutely  the  water-spouts  often  observed  by  him  off  the  coast  of  Guinea 
and  the  storms  in  the  South  Indian  Ocean,  while  from  the  logbook 
kept  by  Christopher  Columbus  during  his  first  voyage  we  learn  the 
deep  impression  he  got  from  the  difference  of  climate  and  weather  in 
the  Atlantic  beyond  the  Azores  compared  with  that  eastwards  of  the 
islands  Such  new  observations  advanced  mostly  the  doctrine  of  the 
winds,  which  was  now  more  fully  expounded  in  Spanish  and  Portuguese 
works,  until  in  the  year  1622  Francis  Bacon  was  the  first  to  publish  a 
special  treatise  dealing  entirely  with  the  winds. 

But  meanwhile  experimental  science,  the  growing  up  of  which  I  have 
just  alluded  to,  was  so  much  developed  that  in  the  first  half  of  the 
seventeenth  century  the  principal  meteorological  instruments  were 
invented.  To  Italy  belongs  the  glory  of  being  the  native  country  of 
instrumental  meteorology,  the  cradle  of  which  stood  at  Florence.  These 
inventions  proved  the  first  step  in  making  meteorology  a  science,  and 
now  the  shadows  of  the  dawn  are  fast  disappearing  before  the  full 
light  of  the  rising  sun. 
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REPORT   ON  THE   PHENOLOGICAL   OBSERVATIONS 
FOR    1907. 

By  EDWARD  MAWLEY,  F.R.Met.Soc,  V.M.H. 

(Plate  4.) 

[Read  April  15,  1908.] 

The  following  changes  have  taken  place  in  the  observing  stations  since 
the  last  Report  was  issued.  No  returns  were  received  during  the  year 
from  Sidcot  and  St.  Arvans  in  District  A;  Churt  and  Bagshot  in 
District  G ;  Roxton  in  District  E ;  Birkdale  (Southport)  and  Lake  Side 
in  District  P  ;  and  Blyth  in  District  I.  On  the  other  hand,  new  stations 
have  been  started  at  Whitney-on-Wye  in  District  A;  Weymouth  and 
Ditton  Hill  in  District  O ;  Dymock,  King's  Langley,  Stone,  and  Kelton 
in  District  D ;  Ambleside  in  District  P ;  and  West  Foulden  in  District  I. 
The  total  number  of  observing  stations  is  now  109. 

TABLE  I. — Mean  Results,  with  their  Variations  from  the  17  Years'  Average 
(1891-1907),  FOR  the  Thirteen  Plants  in  those  Districts  where  there  have 
been  sufficient  Observations  to  warrant  Comparisons  being  made. 
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The  averages,  with  which  the  mean  dates  of  the  different  plants  are 
compared  in  Table  IV.,  have  been  obtained  from  the  actual  observations 
made  during  the  17  years  1891-1907  in  all  those  districts  where  sufficient 
observations  were  available.  Those  for  the  two  remaining  districts  are 
as  near  approximations  to  the  true  averages  as  the  limited  number  of 
records  will  allow. 

The  Winter  of  1906-7. 

This  was  everywhere  a  cold  and  dry  season,  with  an  unusually  good 
record  of  sunshine.  The  temperature  was  very  variable,  but  the  colder 
periods  as  a  rule  lasted  much  longer  than  those  which  were  unseasonably 
warm.  In  all  three  months  the  rainfall  was  below  the  average.  It  was 
a  remarkably  sunny  winter,  especially  in  the  midland,  north-western, 
and  north-eastern  counties  of  England,  and  in  the  east  of  Scotland. 

The  accounts  received  from  different  parts  of  the  country  vary 
considerably,  but  in  most  districts,  notwithstanding  the  frequent 
interruptions  from  rain  and  frost,  good  progress  appears  on  the  whole 
to  have  been  made  with  the  cultivation  of  the  land  for  spring  corn. 
During  the  last  Aveek  in  November,  and  the  early  part  of  December, 
wheat  sowing,  which  had  been  stopped  by  the  previous  long  period  of 
heavy  rain,  was  resumed,  and  under  more  favourable  conditions  than 
at  any  time  since  September.  The  autumn-sown  cereals  came  up  slowly 
but  well,  and  continued  to  present  a  promising  appearance  throughout 
the  winter.  During  the  severe  frosts  which  occurred  for  a  short  time 
towards  the  end  of  December,  they  were  fortunately  protected  by  a 
deep  covering  of  snow,  and  when  the  frost  had  gone  out  of  the  ground 
the  surface  soil  was  made  firm  again  by  the  moderately  heavy  rainfall 
which  followed.  Good  progress  was  also  made  with  ploughing  the 
land  in  Scotland  and  the  north  of  England,  but  the  hindrances  through 
rain  and  frost  were  there  more  frequent  and  prolonged. 

Until  destroyed  by  the  Christmas  frost  an  unusual  number  of 
flowers  were  still  to  be  seen  here  and  there  in  sheltered  places  in  the 
gardens,  throughout  the  winter,  in  the  southern  half  of  England.  In 
the  middle  of  January  there  occurred  a  dry  period  which  was  particularly 
favourable  for  transplanting  fruit-trees,  shrubs,  roses,  etc.,  as  the  soil 
had  been  rendered  friable  through  the  recent  frosts,  and  was  at  the 
same  time  warm  and  moist,  without  being  too  wet.  The  prepai'ation  of 
the  soil  for  the  reception  of  spring  garden  crops  was  carried  on  with 
comparatively  few  interruptions,  considering  the  variable  character  of 
the  season. 

The  fertile  flowers  on  the  hazel,  taking  the  country  as  a  whole, 
made  their  appearance  5  days  later  than  usual. 

The  song-thrush  was  first  heard  after  the  beginning  of  January,  1 
day  in  advance  of  its  average  date. 

The  honey-bee  was  first  seen  to  visit  flowers  3  days  late. 

The  Spring, 

March  proved  warm,  dry,  and  sunny,  whereas  both  April  and  May 
were  cold,  wet,  and  cloudy.  The  frequency  of  the  rainfall  in  April  and 
May  was  more  exceptional  than  the  quantity  which  fell  at  any  one  time. 
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There  was  a  splendid  record  of  sunshine  in  March,  and  a  very  poor 
record  in  May,  while  in  April  the  departures  from  the  average  duration 
were  in  most  districts  small. 

During  the  dry  periods  in  March  a  good  deal  of  spring  corn  was 
sown  with  little  labour,  and  in  the  most  satisfactory  manner.  The  next 
two  months  were  moderately  wet,  but  the  ground  so  readily  absorbed 
the  rain  which  fell,  that  no  sooner  was  the  sowing  of  the  spring  cereals 
completed  than  the  seeding  of  mangolds,  swedes,  and  turnips  was 
proceeded  with,  and  for  these  crops  a  fine  and  moist  tilth  was  readily 
obtained.  The  autumn-sown  corn  continued  to  make  good  growth, 
and  at  the  end  of  the  spring  was  as  healthy  and  strong  as  could  be 
wished,  without  being  too  forward.  The  pastures  and  meadows  were 
unusually  bare  during  the  early  part  of  the  season,  but  before  the  end  of 
May,  favoured  by  the  moderate  temperatures  and  occasionally  heavy 
rains,  good  progress  had  been  made,  while  the  undergrowth  at  that 
period  was  thicker  than  for  many  years  past.  In  the  colder  parts  of 
the  British  Isles  the  conditions  for  working  the  land  and  sowing  spring 
com  and  the  root  crops  were  almost  as  favourable  as  in  the  south. 

As  was  the  case  on  the  farm,  the  seeds  sown  in  the  garden,  as  a  rule, 
germinated  slowly  but  regularly,  scarcely  any  failing.  There  was  a 
profusion  of  bloom  on  the  lilacs,  laburnums,  and  other  flowering  shrubs, 
while  the  flower  clusters  were  exceptionally  fine.  The  fruit-trees  also 
were  laden  with  blossom,  but  the  continued  cold  and  sunless  weather 
prevented  many  of  the  flowers  setting  their  fruit,  and  more  particularly 
was  this  the  case  with  the  apple-trees,  which  happened  to  be  in  full 
bloom  when  the  night  frosts  in  May  were  most  severe. 

All  the  spring  migrants  on  the  list,  except  the  garlic  hedge  mustard, 
which  blossomed  at  its  average  date,  flowered  later  than  usual,  the 
coltsfoot  being  6  days  late,  the  wood  anemone,  blackthorn  and  horse- 
chestnut  1  day  late,  and  the  hawthorn  5  days  late. 

Of  the  spring  migrants  included  in  the  report,  the  swallow  was  3 
days  late,  the  cuckoo  6  days  late,  the  nightingale  4  days  late,  while 
the  flycatcher  made  its  appearance  at  its  average  date. 

The  wasp  first  appeared  1  day  late,  the  small  white  butterfly  3  days 
early,  and  the  orange-tip  butterfly  5  days  late. 

The  Summer, 

Each  of  the  summer  months  was  cold,  and  in  all  but  three  districts 
the  fall  of  rain  was  in  excess  of  the  average ;  but,  as  was  the  case  in  the 
previous  season,  it  was  rather  the  frequency  of  the  rain  than  its  excep- 
tional heaviness  at  any  one  time  which  was  a  noteworthy  feature  of  the 
season.  The  record  of  sunshine  was  deficient  in  each  month,  and  more 
particularly  in  June. 

Favoured  by  the  frequent  falls  of  rain  in  the  early  part  of  the  season 
the  crop  of  hay  was  a  heavy  one.  Owing,  however,  to  the  continuance 
of  the  same  wet,  dull,  and  cold  weather  after  the  grass  had  been  cut,  it 
was  in  most  cases  gathered  in  in  an  indifferent  condition.  In  fact,  in 
the  southern  half  of  England  the  only  really  good  hay  appears  to  have 
been  secured  during  a  dry  week  in  the  middle  of  July.  Notwith- 
standing the  cold  and  sunless  weather  the  com  crops  continued  to  make 
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satisfactory  and  healthy  growth.  The  roots  also  improved,  and 
there  was  always  a  good  crop  of  herbage  in  the  pastures.  The  great 
drawback  in  a  summer  of  such  frequent  rainfall  was  the  difl&culty  of 
keeping  under  the  plague  of  weeds,  which,  owing  to  the  wet  state  of  the 
ground,  have  seldom  been  at  this  season  so  much  beyond  control.     The 


WOl. 


Average. 


Fio.  1. 


corn  harvest  was  entered  upon  late,  but  in  the  most  favourable  weather 
possible,  so  that  a  good  deal  of  corn  had  been  harvested  in  excellent 
condition  before  the  end  of  the  summer.  In  the  south  of  Scotland  the 
interruptions  to  the  hay  harvest  seem  to  have  been  less  frequent  than  in 
others  parts  of  the  kingdom,  so  that  a  great  part  of  the  crop  was  gathered 
in  under  favourable  circumstances.  On  the  other  hand,  throughout  the 
colder  districts  of  these  islands  the  sowing  of  turnips  and  swedes  was 
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greatly  delayed  by  wet  weather,  indeed  in  some  parts  of  Scotland  it  was 
not  completed  until  the  middle  of  July.  In  Scotland  oats,  however, 
made  good  growth,  particularly  during  the  warm  week  in  the  middle  of 
July,  and  promised  at  the  end  of  the  season  to  yield  a  heavy  crop,  both 
of  grain  and  straw. 


1901. 


Average . 


Fio.  2. 


The  cool  weather  and  frequent  rainfall  which  were  such  noteworthy 
features  of  the  summer  months  suited  the  vegetables  in  the  kitchen 
garden,  and  more  particularly  peas  and  beans,  which  made  unusually 
good  growth.  The  same  conditions,  however,  were  less  favourable  in  the 
flower  garden,  the  progress  of  many  plants  being  kept  in  check  by  the 
cold  state  of  the  ground.  Trees  and  shrubs,  on  the  other  hand,  were 
greatly  benefited  by  the  continued  moisture  both  above  and  below  ground. 
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Owing  to  the  coolness  of  the  season  the  hawthorn  and  other  flowering 
shrubs  and  trees  remained  a  much  longer  time  than  usual  in  blossom. 
There  was  a  noticeable  scarcity  of  butterflies. 

All  the  summer  flowering  plants  on  the  list  came  into  blossom  behind 
their  usual  dates,  the  white  ox-eye  being  4  days  late,  the  dog-rose 
7  days  late,  the  black  knapweed  13  days  late,  the  harebell  10  days  late, 
and  the  greater  bindweed  14  days  late. 

The  meadow  brown  butterfly  made  its  appearance  16  days  later 
than  usual. 

The  Aidumn, 

This  was  in  all  parts  of  the  kingdom  a  warm  autumn.  September 
and  November  proved  dry,  whereas  in  October  the  rainfall  was  unusually 
heavy,  September  was  a  very  sunny  month,  but  taking  the  two  other 
months  together  the  record  of  sunshine  was  on  the  whole  under  average. 

The  fears  of  the  previous  season  as  to  the  further  progress  of  the 
harvest  were  soon  dispelled,  for  September  pi'oved  a  perfect  harvest 
month,  indeed  after  the  first  few  days  scarcely  a  drop  of  rain 
fell.  Seldom  have  farmers  in  the  southern  half  of  England  had  such  a 
splendid  time  for  getting  in  a  heavy  yield  of  corn  in  such  excellent  con- 
dition, there  being  no  sprouting  or  discoloration  of  the  grain,  while  the 
straw  was  bright  and  also  unusually  abundant.  In  many  cases,  however, 
a  good  deal  of  the  com  had  previously  been  beaten  down  by  heavy  rains 
and  high  winds,  and  consequently  had  to  be  cut  by  hand,  which  made 
the  harvest  more  tedious  and  expensive  than  it  otherwise  would  have 
been.  Throughout  the  greater  part  of  the  kingdom  the  harvest  had 
been  completed  by  the  end  of  the  third  week  in  September.  The  cool 
wet  weather  in  October  favoured  the  root  crops,  which  before  the  end  of 
the  season  had  made  excellent  growth.  Potatoes,  however,  were  in  most 
districts  found  to  have  become  much  diseased  when  lifted.  The  pastures 
continued  green  throughout  the  autumn,  notwithstanding  the  long  spell 
of  dry  weather  in  September.  The  preparation  of  the  land  for  the  re- 
ception of  the  autumn  cereals  was  much  delayed  owing  to  the  late  harvest, 
and  again  by  the  sodden  condition  of  the  ground  during  the  last  fortnight 
in  October  and  the  same  period  in  November.  For  the  first  time  since 
the  winter  the  farmer  was  enabled  to  clear  the  land  of  weeds,  which  had 
grown  almost  unchecked  throughout  the  whole  of  the  spring  and  summer. 

In  the  colder  parts  of  Scotland  the  weather  proved  very  trying  to  the 
farmers,  for  scarcely  had  a  long  and  tedious  hay  harvest  come  to  an  end 
than  the  corn  harvest  began  under  equally  unfavourable  conditions. 
The  crop  of  oats  was  a  large  one,  but  remained  so  long  in  the  fields  that 
when  at  last  gathered  in  the  grain  was  found  to  be  discoloured,  while  much 
of  it  had  sprouted.  Potatoes  in  Scotland  were  small,  but  only  to  a 
moderate  extent  diseased. 

Seldom  have  gardens  been  as  gay  with  flowers,  considering  the  time 
of  year,  as  they  were  during  the  early  part  of  this  autumn,  and  owing  to 
the  absence  of  early  frosts  the  flowering  period  has  not  often  been  as 
long  extended.  Vegetables  of  all  kinds  made  unusually  good  growth, 
with  the  single  exception  of  tomatoes,  for  which  the  summer  had  been 
much  too  cold  and  sunless.  The  early  part  of  November  proved  an 
exceptionally  favourable  time  for  transplanting  fruit-trees,  shrubs,  etc.,  as 
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the  October  rains  had  penetrated  the  ground  to  a  sufficient  depth  to 
allow  of  the  plants  being  taken  up  without  injury  to  their  roots,  and 
replanted  in  their  new  quarters  under  the  most  favourable  conditions. 
As  was  the  case  in  the  fields,  there  was  a  good  deal  of  disease  amongst 
the  potatoes. 

Trees  held  their  foliage  until  an  unusually  late  date,  and  the 
autumn  tints  were,  as  a  rule,  poor.  There  appears  to  have  been  an 
unusually  small  number  of  wasps  and  house-flies  during  this  season. 

The  only  autumn  plant  on  the  list,  the  ivy,  came  into  flower  8  days 
later  than  its  average  date. 

Taking  the  country  as  a  whole,  the  last  swallow  took  its  departure 
4  days  later  than  its  usual  time. 

According  to  the  Preliminary  Statement  for  Great  Britain,  issued  by 
the  Board  of  Agriculture,  the  yield  of  wheat  per  acre  exceeded  the 
average  for  the  previous  ten  years  by  2*74  bushels,  barley  by  2*12 
bushels,  beans  by  5  00  bushels,  and  peas  by  2*34  bushels.  All  these 
four  crops  were  in  each  case  with  one  exception  heavier  than  in  any 
year  since  official  statistics  were  first  collected,  while  that  of  oats  was 
3 '7 5  bushels  per  acre  above  the  ten  years  average,  and  heavier  than  in 
any  year  of  the  same  period.  Turnips  and  swedes  exceeded  the  average 
by  0*98  ton,  mangolds  by  0*67  ton,  hay  (permanent  pasture)  by  3*24 
cwts.,  and  hay  (clover,  etc.)  by  3*41  cwts.  The  only  deficient  crop  was 
that  of  potatoes,  which  was  0*33  ton  per  acre  below  the  average. 

For  the  first  time  since  Dr.  Shaw  directed  attention  to  the  close 
connection  between  the  character  of  the  autumn  rainfall  and  the  yield 
of  wheat  in  the  following  year  his  conclusions  failed  to  be  confirmed 
by  the  result  of  the  harvest.  In  the  first  place,  in  1906,  in  five  out  of 
the  eleven  districts  into  which  the  country  is  divided,  the  autumn  rainfall 
was  in  excess  of  the  average,  and  then  again  the  yield  of  wheat  in  1907 
was  not  only  good,  but  the  heaviest  with  one  exception  for  many  years. 

The  yield  of  ifruit  was  variable,  but  on  the  whole  poor.  Apples, 
pears,  and  strawberries  were  decidedly  under  average  both  in  size  and 
quantity,  but  there  was  a  good  crop  of  plums,  and  a  moderately  good 
one  of  raspberries,  currants,  and  gooseberries. 

The  Year. 

The  most  noteworthy  features  of  the  weather  of  the  phenological 
year  ending  November  1907,  as  affecting  vegetation,,  were  the  cold  and 
sunless  character  of  April,  May,  and  the  three  summer  months,  the 
frequent  falls  of  rain  during  that  period,  the  warm,  dry,  and  sunny 
weather  in  September,  and  the  heavy  and  continuous  rainfall  in  October. 
Wild  plants  came  into  blossom  behind  their  usual  dates  throughout  the 
whole  of  the  flowering  season.  Such  early  spring  migrants  as  the 
swallow,  cuckoo,  and  nightingale  were  also  behind  their  average  dates 
in  reaching  these  Islands.  The  only  deficient  farm  crop,  taking  the 
country  as  a  whole,  was  that  of  potatoes,  most  of  the  other  crops  being 
much  over  average.  On  the  other  hand,  the  yield  of  apples  and  pears, 
and  particularly  the  former,  was  below  average.  There  was  also  a 
deficient  crop  of  strawberries,  whereas  plums,  raspberries,  currants,  and 
gooseberries  were  over  average.     As  regards  the  farm  crops  it  may  be 
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TABLE  II.— List  op  the  Stations  with  the  Names  of  the  Observers. 


V 

Station. 

County. 

Observer. 

A 

Ft. 

I.  Mawnan 

Cornwall  . 

200 

Miss  R.  Barclay. 

2.  Aharnon 

Cornwall 

600 

C.  U.  Tripp,  M.A. 

3.  Brixham 

Devon 

40 

F.  W.  Millett. 

4.  Starcross 

Devon 

50 

P.  G.  Waterfield. 

5.  Tiverton 

Devon 

270 

Miss  M.  E.  Gill. 

6.  Barnstaple 

Devon 

90 

T.  Wainwright. 

7.  Clifton 

Gloucester 

300 

G.  C.  Griffiths,  F.E.S. 

8.   Penarth 

Glamorgan 

120 

G.  A.  Birkenhead. 

9.  Bridgend 

Glamorgan 

90 

H.  J.  Randall,  Junr. 

10.  Little  Mill 

Monmouth 

300 

W.J.  Grant,  F.R.H.S. 

II.  Aberystwith 

Cardigan  . 

30 

J.  H,  Salter,  D.Sc. 

12.  Whitney-on-Wye. 

Hereford  . 

430 

W.  Burgess. 

B 
13.  Skibbereen. 

Cork 

30 

W.  F.  Wolfe. 

14.  Tallow 

Waterford 

Mrs.  H.  C.  Deane. 

15.  Ferns  . 

Wexford   . 

26!d 

G.  E.  J.  Greene,  M.A.,  D.Sc,  F.L.S. 
Miss  F.  S.  Wynne. 

16.  Bagcnalstown 

Carlow      . 

290 

17.  Ovoca 

Wicklow  . 

no 

Miss  W.  F.  Wynne. 

18.  Geashill 

King's  County 

2S0 

Rev.  Canon  Russell. 

G 

19.  Bern  bridge  . 

Isle  of  Wight    . 

80 

C.  Orchard.  F.R.H.S. 

20.   Weymouth  . 

Dorset      . 

100 

N.  M.  Richardson. 

21.  Buckhorn  Weston 

Dorset 

290 

Miss  H.  K.  H.  D'Aeth. 

22.   Havant 

Hants 

30 

H.  Beeston. 

23.   Botley 

Hants 

30 

Lady  Tenkyns. 

24.  Birdham 

Sussex 

10 

A.  J.  Nixon. 

25.  Munthani     . 

Sussex 

250 

P.  S.  Godman,  F.Z.S. 

26.   Dover. 

Kent 

150 

F.  D.  Campbell. 

Rev.  J.  S.  Chamberlain. 

Mrs.  Silcock. 

27.  Staplehurst  . 

Kent 

no 

28.   Maidstone  . 

Kent 

100 

29.  Chiddingfold 

30.  Cranlcigh     . 

Surrey 

230 

Admiral  Maclear  (the  late). 

Surrey 

180 

Miss  H.  E.  Ravenscroft. 

31.  Coneyhurst . 

Surrey 

600 

J.  Russell. 

32.  Churt  Vicarage    . 

Surrey 

350 

Rev.  A.  W.  Watson. 

33.  Purley 

Surrey 

350 

J.  E.  Clark,  F.R.Met.Soc. 
H.  T.  Potter. 

34.  Ditton  Plill . 

Surrey 

35.  Marlborough 

D 

36.  Oxford 

Wilts 

480 

E.  Meyrick,  F.R.S. 

Oxford      . 

200 

F.  A.  Bellamy,  M.A.,  F.R.A.S. 

37.  Harefield     . 

Middlesex 

340 

G.  E.  Eland. 

38.  Chesham     . 

Bucks 

300 

Miss  G.  Keating. 

39.  Watford 

Herts 

270 

Mrs.  J.  Hopkinson. 

40.  St.  Albans  (New 

Herts        . 

400 

Miss  A.  Dickinson. 

Farm) 

40.  St.  Albans  (Glen- 

Herts 

320 

W.  P.  Westell,  F.R.H.S.,  M.B.O.U. 

ferrie  Road) 

41.  King's  I^ngley    . 

Herts 

400 

M.  Arnold. 

42.  Berkhamsted 

Herts 

400 

Mrs.  E.  Mawley. 

43.  Harpenden  . 

Herts 

370 

J.  J.  Willis. 

44.   Ross    . 

Hereford  . 

210 

H.  Southall,  F.R.Met.Soc. 

45.  Dymock 

Gloucester 

120 

Miss  M.  Peake. 

46.  West  Malvern 

Worcester 

600 

Mrs.  Kensington. 

47.   Famborough 

Warwick  . 

520 

Miss  D.  J.  G.  Prater. 

48.  Northampton 

Northampton    . 

320 

H.  N.  Dixon,  M.A.,  F.L.S. 
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TABLE  IL— List  of 

iHE  Stations  with  the  Names  of  OBBZRyj&tia—emUinued, 

Station. 

County. 

Observer. 

49.   Stone.     •   . 

Stafford    . 

Ft. 
330 

W.  Wells  Bladen. 

50.  Ketton 

Rutland    . 

290 

Rev.  A.  H.  Snowden. 

51.  Beeston 

Notts 

210 

G.  Fellows. 

52.  Hodsock 

Notts 

60 

MissMellish,  F.R.H.S. 

53.   Macclesfield 

Cheshire  . 

500 

J.  Dale. 

54.  Belton 

Lincoln    . 

200 

Miss  F.  H.  Woolward. 

55.  Altofts 

Yorks(W.R.)  . 

120 

H.  G.  Townsend. 

56.  Horbury 

Yorks(W.R.)  . 

210 

W.  Rushforth. 

57.  Ripley 

E 

58.  Broxbourne 

Yorks(W.R.)  . 

240 

Rev.  W.  T.  Travis. 

Herts 

120 

Rev.  H.  P.  Waller. 

59.  Hatfield       . 

Herts 

380 

Miss  R.  Blackett. 

60.   Hertford      . 

Herts        . 

140 

W.  Graveson. 

61.   Sawbridge worth  . 

Herts        . 

350 

H.  S.  Rivers. 

62.  Hitchin 

Herts 

220 

A.  W.  Dawson,  M.A. 

63.  Odsey  (Ash well)  . 

Cambridge 

260 

H.  G.  Fordham. 

64.  Shelford      . 

Cambridge 

60 

C.  E.  Smith. 

65.  Rocking 

Essex 

240 

H.  S.  Tabor,  F.R.Met.Soc. 

66.  Lexden 

Essex 

90 

S.  F.  Hurnard. 

67.  Carleton-Forehoe 

Norfolk    . 

100 

Rev.  C.  H.  Master. 

68.  Tacolneston 

Norfolk     . 

190 

Miss  E.  J.  Barrow. 

69.  Eaton  (Norwich) 

Norfolk     . 

100 

A.  W.  Preston,  F.R.Met.Soc 

70.  Southacre    . 

Norfolk    . 

100 

Rev.  E.  T.  Daubeney. 

71.  Brunstead    . 

Norfolk    . 

30 

Rev.  M.  C.  H.  Bird. 

72.   Hevingham 

Norfolk    . 

Major  Marsham. 

73.  Clenchwarton 

Norfolk    . 

10 

Miss  E.  M.  Stevenson. 

74.  Peterborough 

F 

75.  Llangollen  . 

Northampton    . 

30 

J.  W.  Bodgcr. 

Merioneth 

270 

T.  Ruddy. 

76.  Betley 

Stafford    . 

250 

Miss  M.  L.  Hodgson. 

77.   Preston 

Lancashire 

50 

J.  R.  Charnley,  F.G.S.,  F.Z.S. 

78.  Ambleside   . 

Westmoreland  . 

220 

Miss  Drury. 

79.  Cronkbourne 

Isle  of  Man 

no 

A.  W.  Moore  and  J.  Murphy. 

0 

80.  Ardgillan     . 

Dublin      . 

210 

J.  Woodward. 

81.   Edgeworthstown . 

Longford  . 

270 

J.  M.  Wilson,  M.A. 

82.  Westport 

Mayo 

10 

[.  M.  McBride. 

83.  Chanter  Hill 

Fermanagh 

250 

The  Dean  of  Clogher. 

84.  Loughbrickland   . 

Down 

350 

Rev.  Canon  Lett. 

85.  Saintfield     . 

Down 

310 

Rev.  C.  H.  Waddell,  M.A. 

86.  Antrim 

Antrim     . 

70 

Rev.  W.  S.  Smith. 

87.  Altnafoyle  . 

Londonderry     . 

450 

T.  Gibson. 

88.  Milford 

Donegal    . 

150 

Miss  Osborne. 

H 

89.  Kirkmaiden 

Wigtown  . 
Kirkcudbright  . 

100 

Rev.  D.  R.  Williamson. 

90.  New  Galloway     . 

450 

T.  R.  Bruce. 

91.  Jardington. 

Dumfries  . 

100 

J.  Rutherford. 

92.   Moniaive     . 

Dumfries  . 

350 

J.  Corrie. 

93.  Port  Ellen 

Isle  of  Islay      . 

10 

T.  F.  Gilmour. 

I 

94.  Doddington 

Lincoln    . 

90 

Rev.  R.  E.  Cole. 

95.  Thirsk 

Yorks(N.R.)    . 

120 

A.  B.  Hall. 

96.  Durham 

Durham    . 

350 

Prof.  R.  A.  Sampson  and  F.  C. 
Carpenter. 

H. 

Digitized  by 


Google 


242      MAWLEY— REPORT  ON  THE  PHENOLOGICAL  OBSERVATIONS 


TABLE  II.— List  of  the  Stations  with  the  Namrs  of  OBSBRVERS--c(m/inw«d. 

Station. 

County. 

Height  above 
Sea-level. 

0 

s 

97.  Corbridge-on- 

Tyne 

98.  West  Foulden    . 

J 

99.  Forgandenny      . 
100.  Kirriemuir 

loi.  Durris 

102.  Crathes      . 

103.  Aberdeen  . 

K 

104.  Invermoidart 

105.  Beauly 

106.  Dingwall    . 

107.  Inverbroom 

108.  Watten 

Northumb 
Berwick    . 

Perth 

Forfar 

Kincardin 

Kincardin 

Aberdeen 

Inverness 

Inverness 

Ross 

Ross 

Caithness 

eriand 

e 

e 

Ft. 
200 

250 

250 

420 

140 

40 

60 
60 
10 

50 
150 

A.  W.  Price. 
J.  H.  Craw. 

D.  NicolL 

T.  M.  Nicoll. 

A.  Macdonald,  M.A. 

J.  Smith,  F.R.Met.Soc. 

P.  Harper. 

S.  M.  Macvicar. 
A,  Birnie. 
J.  P.  Smith,  M.D. 
Lady  Fowler. 
Rev.  D.  LiUie, 

The  numbers  before  the  names  of  the  stations  refer  to  their  position  on  the  Map  of  the 
Stations.     (Plate  4.) 

stated  that  1905  was  a  plentiful  year,  in  1906  the  yield  was  even  better, 
while  the  past  year  proved  the  most  bountiful  of  the  three. 

Observers*  Notes. 

Degeuber  1906. — Mawnan  (A) — Ist  Broad  beaas  have  sent  up  a  second 
growth  from  the  roots  which  are  now  from  two  to  three  feet  high  and  in  full 
flower.  Altamon  (A) — Wild  geese,  swans  and  other  migrants  usually  numerous, 
Penarth  (A) — 1st.  Geraniums  and  nasturtiums  still  flowering.  29th.  Nastur- 
tiums killed.  WlvUney-on-Wye  (A) — 2 Ist.  Cut  some  good  roses.  Havant  (O) — 
Two  sand-martins  were  seen  in  full  vigour  of  flight  on  the  21st,  but  after  that 
only  one  was  seen,  which  remained  until  January  12,  1907.  Maidstone  (O) — 
30th.  It  has  been  so  mild  that  many  trees  still  hold  their  leaves.  Churt  Vicar- 
age (O) — On  Christmas  Day  chrysanthemums,  violets,  roses,  and  wallflowers 
were  still  in  flower.  King's  Langley  (D) — Gathered  a  good  rose  bloom  on  Christ- 
mas Day.  Ross  (D) — 4th.  Bat  seen.  Hodsock  (D) — A  great  many  berries  on 
the  holly.  Two  or  three  roses  on  the  wall  still  in  flower  on  Christmas  Day. 
Brunstead  (E) — 9th.  Trees  struck  by  lightning  during  a  snowstorm.  Birkdale 
(SotUhport)  (F)— 18th.  Holly  berries  not  very  plentiful.  Milford  (G) — 16tb. 
Bats  flying. 

January  1907 — Whitney-on-Wye  (A) — Brussel  sprouts  have  suffered  con- 
siderably from  frost,  and  cabbages  slightly.  Betley  (P) — 31st.  Some  wild  flowers 
still  out  in  sheltered  spots. 

February — Altamon  (A) — 12th.  "Wallflowers  crippled  by  recent  winds 
and  frost  JVhitney-on-Wye  (A) — 14tb.  The  birds  have  cleared  oflf  all  the  holly 
berries.  Ovoca  (B) — 24th.  Frog  spawn  first  seen.  Buckhom  Weston  (O) — 
Vegetation  remarkably  late  owing  to  frosts  in  January  and  at  times  in  February. 
Boiley  (O) — Many   redwings   and   fieldfares.     Churt   Vicarage  (O) — Fieldfares 
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TABLE  III.— Date  (Day  of  Year)  of  First  Flowering  of  Plants,  1907. 


Station. 

1 

X 

1 

3 

1 

< 

1 

1 

1 
.a  3 

•s 

X 

1 
X 

1 
X 

1 

4; 

1 

sa 

1 

X 

1 

0 

% 

A 

Mawnan 

52 

78 

91 

lOI 

... 

128 

137 

... 

... 

258 

Altarnon 

7^ 

79 

108 

109 

127 

134 

155 

1*67 

171 

206  212 

^37 

255 

Brixham 

58 

77 

... 

81 

IIQ 

133 

173 

201 

274 

Starcross   . 

52 

83 

112 

116 

/^J 

149 

155 

164 

180 

263 

Tiverton 

47 

6s 

88 

92 

106 

126 

146 

... 

277 

Barnstaple 

18 

57 

90 

97 

98 

120 

136 

159 

169 

194 

212 

I9'6 

271 

Clifton 

102 

121 

132 

... 

Bridgend 

62 

71 

86 

III 

121 

135 

142 

161 

171 

185 

208 

270 

Little  Mill 

47 

58 

81 

84 

99 

105 

126 

138 

159 

173 

178 

^45 

Aberystwith 

49 

57 

89 

92 

102 

128 

129 

138 

164 

188 

203 

204 

263 

Whitney-on-Wye . 

52 

83 

105 

... 

134 

146 

168 

195 

210 

222 

292 

B 
Skibbereen  . 

29 

69 

90 

Tallow 

S 

83 

105 

/// 

164 

201 

200 

267 

Ferns  . 

6/ 

80 

98 

91 

gd 

135 

149 

170 

206 

231 

^3' 

257 

Bagenalstown 

78 

95 

131 

143 

... 

207 

... 

Ovoca . 

21 

47 

81 

80 

... 

131 

138 

145 

204 

... 

... 

Geasbill 

42 

56 

80 

9^» 

119 

133 

148 

151 

176 

161 

I'So 

... 

G 

Bembridge  . 

62 

60 

99 

118 

"7 

126 

133 

160 

164 

Weymouth  . 

... 

59 

93 

129 

174 

... 

... 

209 

272 

Buckhorn  Weston 

47 

72 

82 

100 

Id 

i3» 

132 

141 

161 

172 

199 

269 

Havant 

18 

79 

95 

98 

134 

... 

143 

146 

166 

200 

275 

Botley 

SO 

79 

77 

103 

125 

131 

133 

147 

174 

igb 

... 

28b 

Birdham 

48 

67 

112 

119 

131 

138 

161 

185 

... 

Muntham  . 

47 

76 

85 

98 

103 

129 

131 

143 

»52 

176 

188 

^|5 

Dover  . 

9^ 

91 

127 

141 

166 

193 

... 

280 

Staplehurst  . 
Maidstone  . 

51 

76 

81' 

94 

100 

115 

126 

133 

147 

167 

'83 

I's's 

... 

55 

63 

88 

103 

106 

126 

130 

135 

151 

168 

... 

201 

257 

Chiddingfold 

49 

76 

86 

P 

109 

120 

135 

138 

... 

Cranleigh  . 

46 

85 

89 

112 

125 

134 

141 

156 

2og 

193 

283 

Coneyhurst  . 

57 

87 

86 

99 

129 

134 

149 

164 

194 

189 

192 

277 

Chun  Vicarage  . 

32 

103 

112 

126 

132 

147 

161 

179 

182 

214 

... 

Purley 

61 

61 

89 

102 

122 

125 

133 

146 

161 

Ditton  Hill  . 

... 

81 

106 

III 

125 

131 

146 

162 

179 

213 

285 

Marlborough 

'5 

73 

83 

93 

109 

129 

134 

153 

160 

166 

203 

183 

... 

D 

Oxford 

75 

90 

93 

96 

121 

137 

146 

152 

268 

Harefield  . 

62 

88 

90 

103 

127 

131 

153 

198 

210 

206 

Chesham   . 

56 

7S 

94 

102 

124 

133 

137 

162 

166 

165 

199 

267 

Watford   . 

46 

76 

95 

104 

125 

130 

146 

162 

193 

275 

St  Albans  (New 

22 

78 

90 

94 

114 

130 

151 

'53 

200 

185 

... 

272 

Farm) 

St.  Albans  (Glen- 

20 

88 

89 

90 

108 

132 

140 

153 

159 

171 

... 

215 

286 

ferrie  Road) 

King's  Langley  . 

61 

... 

98 

... 

132 

134 

152 

H 

... 

Berkhamsted 

57 

79 

104 

104 

114 

130 

141 

146 

158 

197 

208 

201 

267 
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TABLE  III.— Date  (Day  of  Year)  of  First  Flowering  of 
Plants,  1907— etmtinued. 


i 

1 

1 

1 

1 

Station. 

1 

1 

3 

< 

1 

1 

is 

X 

1 

X 

1 

M 

1 
1 

1 

1 

X 

1 

t 

Harpenden  . 

53 

75 

103 

102 

114 

130 

137 

149 

163 

171 

Ross    .         .         . 

47 

61 

89 

S4 

106 

115 

127 

... 

153 

... 

Dymock 
West  Malvern 

77 

87 

105 

106 

134 

159 

167 

275 

58 

68 

ss 

102 

99 

128 

132 

158 

161 

171 

191 

202 

227 

Farnborough 

17 

63 

94 

92 

114 

137 

135 

146 

161 

187 

213 

273 

Northampton 

6o 

80 

84 

94 

122 

129 

131 

148 

160 

177 

181 

211 

264 

Stone  . 

... 

141 

140 

... 

... 

... 

,., 

Ketton 

... 

... 

160 

... 

264 

Beeston 

79 

108 

130 

I2'8 

132 

156 

194 

^S7 

Hodsock      . 

§^ 

It 

90 

97 

"5 

119 

131 

162 

172 

202 

200 

192 

274 

Macclesfield 

6o 

88 

119 

114 

137 

144 

'45 

165 

173 

189 

190 

197 

276 

Belton 

39 

61 

82 

93 

129 

131 

133 

^54 

154 

191 

201 

•208  '  276 

Al  lofts 

62 

89 

117 

124 

124 

1 

Horbury 

71 

84 

118 

124 

134 

/go 

217 

Ripley 

... 

59 

... 

125 

133 

149 

... 

... 

... 

... 

... 

E 

Broxbourne . 

46 

71 

96 

114 

161 

263 

Hatfield        . 

56 

92 

129 

145 

153 

... 

209 

Hertford 

34 

69 

83 

83 

97 

129 

132 

142 

167 

181 

204 

/So 

265 

Sawbridgeworth   . 

49 

75 

107 

16S 

... 

Hitchin 

... 

127 

130 

155 

... 

Odsey  (Ashwell)  . 

1*8 

83 

... 

130 

158 

... 

274 

Shelford       . 

35 

"3 

... 

127 

130 

132 

^dS 

... 

/66 

... 

Booking 

47 

81 

89 

100 

121 

118 

130 

144 

154 

210 

209 

218 

273 

Lexden 

6i 

87 

105 

106 

121 

125 

130 

137 

157 

179 

197 

190 

271 

Carleton-Forehoe . 

45 

82 

100 

106 

III 

129 

133 

153 

167 

182 

206 

270 

Tacolneston 

5| 

76 

90 

... 

109 

131 

152 

164 

172 

203 

... 

Eaton  (Norwich)  . 

58 

... 

... 

125 

127 

132 

149 

168 

211 

... 

Southacre    . 

61 

83 

92 

104 

128 

132 

152 

167 

169 

173 

197    258  1 

Brunstead     . 

56 

no 

112 

132 

134 

155 

167 

210 

204 

213 

Hevingham . 

85 

128 

Clench  wart  on 

65 

130 

127 

131 

162 

2^6 

... 

191 

^5 

Peterborough 

49 

71 

86 

91 

III 

119 

131 

143 

162 

187 

191 

197 

F 
Langollen     . 

50 

56 

87 

91 

no 

126 

131 

145 

163 

205 

201 

208 

284 

Betley . 
Preston 

46 

77 
84 

85 

loS 

107 

137 

137 

165 

167 

206 

208 

217 

300 

Ambleside    . 

57 

106 

127 

^33 

H5 

164 

173 

207 

200 

... 

277 

Cronkbourne 

58 

/'j'd 

133 

131 

137 

156 

... 

^> 

281 

G 

Ardgillan 

56 

71 

86 

104 

123 

148 

159 

173 

226 

229 

106 

Edgeworthstown  . 

87 

112 

139 

147 

169 

.. . 

... 

...  :..  1 

Westport      . 

36 

S7 

IDS 

... 

in 

145 

165 

Chanter  Hill 

46 

61 

88 

89 

104 

134 

144 

16*2 

177 

200 

182 

229 

28.: 

Loughbrickland    . 

54 

81 

IDS 

116 

140 

145 

176 

... 

.. . 

229  ... 

Saintfield     . 

60 

80 

91 

105 

... 

137 

152 

167 

177 

... 

Antrim 

66 

83 

t 

104 

143 

164 

181 

210 

... 

199  ... 
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TABLE  III.— Date  (Day  of  Year)  of  First  Flowering  of 
Plants,  1907 — eontinti^d. 


Station. 


Altnafoyle    . 
Milford 

H 

Kirkmaiden. 
•New  Galloway 
Jardington    . 
Moniaive 
Port  Ellen    . 


6i 
31 


55 
46 

59 
70 

54 


Doddington.  .  |  64 
Thirsk  .      49 

Durham  .  '57 
Corbridge-on-Tyne  I  ... 
West  Foulden      .  '  ... 


Forgandenny 
Kirriemuir   . 
Durris . 
Crathes 
Aberdeen     . 

K 

Invermoidart 
Beauly 
Dingwall 
Inverbroom . 
Watten 


59 


51 
56 


3  1 


79   •.  "3 
82  85  89 


"7 

"3 
ri6 
92 


97  loi 
88  !  104 
99  no 
109 


78  ,  /J<? 
...  I  ..-.  1113 

79  88  114 
93  I  "6 
109'  ... 


OS. 


127 
118 


80 


III 

114 

88 


118 
103 
104 


134 
129 


146 

153 
142 
146 


127 
133 

151 


161 
134 
155 


144 
131 
133 


149  I  ... 
148  163 


150 
163 

158 
144 


168 

157 
161 


133  •.. 
135  158 

148  '" 


161 
157 

«59 


162 


173 
168 

159 


152  I  169 
151  ,  170 
147  I  167 

165  '  200 


I 


i 

1 

I 

\ll 

220 

171 
184 
181 
188 

222 
210 
203 

163 

177 

203 

191 

2i'6 

172 
175 
177 
196 

i^ 

174 
171 

201 

161 

... 

232 

211 
209 
203 


266    295 


199    270 


214 


199 
212 

2J2 


215 
209 


221 


230 


283 

S4S 


i3M 


The  dates  in  italics  have  not  been  taken  into  consideration  when  calculating  the 
means  given  in  Table  IV. 

more  numerous  than  for  many  years  past.  Harefield  (D) — 27th.  Bat  first  seen. 
BerJchamsted  (D) — II th.  Winter  aconite  in  flower — 23  days  later  than  its  average 
date  for  the  previous  20  years,  and  later  than  in  any  year  since  1891.  Odsey 
(B) — 28th.  Rooks  began  to  build.  Llangollen  (P) — Wallflowers  much  injured 
by  frost.     Thirsk  (I) — 25th.  Rooks  building. 

Mabch. — Mawnan  (A) — 1st.  Veronicas,  geraniums,  and  calceolarias  in  some 
part  of  garden  killed  by  the  January  and  February  frosta  Altamon  (A)^At 
the  end  of  the  month  on  light  soils  pastures  were  becoming  bare.  Aherysticith 
(A) — 26th.  Small  bats  first  seen.  JVhUney-<m-Wye  (A) — 16th.  Frog  spawn  first 
seen.  Ovoca  (B) — ^Autumn-sown  peas  destroyed  by  frost.  Berkftamsted  (D) — 
22nd.  An  early  Rivers'  peach  on  a  south  wall  in  blossom  1  day  earlier  than  its 
average  date  in  the  previous  21  years.  Harpenden  (D) — 8th.  Rooks  building. 
Ripley  (D) — 30th.  Willow  warbler  first  heard.  Crorikhmme  (F) — 25th.  Oat- 
sowing  commenced.     Thirsk  (I) — 20th.  Frog  spawn  first  seen. 
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TABLE  IV.— Mean  Datbs  (Day  of  Yeak)  for  the  First  Flowbrino  of  13  Plants 

IN   1907,  AND  THEIR  VARIATIONS  FROM  THE  17   YeARS'  AVERAGE,    1891-1907. 


A 

B 

G 

D 

Plants. 

England,  S.W. 

Ireland,  S. 

England,  S. 

England,  Mid. 

Jil.- 

ivS 

X 

d'^"- 

1  i 

■ir 

i 

n 

f- 

i 

c  M 

i 

t 

1 

^.0 

> 

*3 

^i 

> 

<^vr 

Hazel 

46 

39 

+  7 

31 

3« 

0 

44 

35 

+  9  48 

42 

+  6 

Coltsfoot     . 

66  ;  56 

+  10 

65 '  55 

+  10 

74 

63 

+  11 

75 

^5 

+  10 

Wood  Anemone . 

89 

85 

+   4 

^^  1 1^ 

+  8 

85 

83 

+  2 

92 

89 

+  3 

Blackthorn . 

96 

91 

+  5 

90 '  80 

+  IC 

96 

96 

o|  99 

99 

0 

Garlic  Hedge-Mustard 

109 '  107 

+  2 

119   no 

+  9 

no 

no 

o|ii5 

114 

+   I 

Horse-Chestnut  . 

123, 121 

+  2 

125. 121 

+  4 

126 

127 

-    I 

129 

131 

-  2 

Hawthorn  . 

137!  13' 

+   6 

141 1  129 

+  12 

132 

132 

0  135 

134 

+   I 

White  Ox- Eye    . 

151  146 

+  5 

148 

\tl 

+   5 

142 

142 

0I152 

149 

+  3 

Dog  Rose   . 

166  156 

+  10 

170 

+  12 

160 

158 

+  2 

160 

160 

0 

Black  Knapweed 

186 

175 

+  11 

196 

182 

+  14 

176 

172 

+  4 

184 

178 

+  6 

Harebell      . 

209 

195 

+  14 

206 

186 

+  20 

189 

185 

+  4 

198 

190 

+  8 

Greater  Bindweed 

<97 

186 

+  11 

200 

191 

+  9 

198 

189 

+  9 

203 

192 

+  11 

Ivy     ...         . 

269 

264 

+  5 
-*-   7 

262 

141 

255 
132 

+  7 
+  9 

277 

271 

+  6 

272 

270  1  +  2 

Mean  for  the  13  Plants 

142    135 

139 

136'+  3 

143 

139!+  4 

Plants. 

E 

F 

G 

H 

England,  E. 

England,  N.W. 

Ireland,  N. 

Scotland,  W. 

Hazel 

47 

36 

+  11 

53  '  44 

+  9 

51 

51         0 

53 

49 

+  4 

Coltsfoot     . 

75 

63 

+  12 

72 

66 

+  6 

76 

70  !+  6 

72 

74 

-   2 

Wood  Anemone . 

91 

87 

+   4 

86 

93 

-   7 

89 

86+3 

93 

99 

-   6 

Blackthorn . 

101 

98 

+  3 

lOI 

104 

-   3 

104 

loi  ,+  3 

109 

112 

-   3 

Garlic  Hedge- Mustard 

IIS 

III 

+  4 

119 

124 

-   5 

104 

n9\''is 

122 

Horse-Chestnut  . 

125 

126 

-    I 

132 

132 

0 

131 

131 1     0 

147 

142 

+  5 

Hawthorn  , 

131 

131 

0 

137    138 

-    I 

147 

140  +  7 

153 

144 

+  9 

White  Ox-Eye    . 

146 

146 

0 

157    153 

+  4 

163 

156  +  7 

162 

159 

+  3 

Dog  Rose   . 

162 

157 

-^-  5 

168    162 

^  6 

175 

166:+  9 

181 

166 

+  15 

Black  Knapweed 

186 

179 

+  7 

206   189 

+  17 

210 

200  +10 

207 

200 

+  7 

Harebell      . 

199   189+10 

203    189 

+  14 

182 

194  -12 

212 

191 

+  21 

Greater  Bindweed 

202 !  192 :  + 10 

212   194 

+  18 

221 

203  +18 

210 

198 

+  12 

Ivy     .... 

268|26si+  3 

285 

282 

+  3 

295 

277  +18 

270 

277 

-   7 

Mean  for  the  13  Plants 

142    137'+   5  149 

144  1+    5 

150' 146    +    4 

156* 

151*1+5* 

Plants. 

I 

England,  I 

^.E 

J 

Scotland,  E. 

E 
Scotland,  N. 

British  Isles. 

Hazel 

57 

49  1 

+  8 

59 

55 

+  4 

53 

55 

0 

49 

44+5 

Coltsfoot     . 

75 

68  1+   7 

79 

77 

+   2 

76 

75 

+   I 

73 

67+6 

Wood  Anemone  . 

95 

94  1+    I 

97 

101 

-    4 

104 

99 

+  5 

91 

90     +    I 

Blackthorn . 

106 

108   -    2 

114 

112 

+    2 

108 

no 

-  2 

102 

lOI      +     I 

Garlic  Hedge- Mustard 

122 

121    +    I 

127 

125 

114 

114         0 

Horse-Chestnut  . 

137 

1401-   3 

150 

14s 

+"8 

136 

140 

-   4 

133 

132    +   I 

Hawthorn  . 

139 

142 

-   3 

159 

146 

+  13 

154 

144 

+  10 

142 

137    +   5 

White  Ox-Eye    . 

160 

160 

0 

167 

160 

+   7 

169 

158 

+  11 

156 

152    +  4 

Dog  Rose   . 

177 

170,+   7 

180 

172 

+  8 

170   170 

0 

170 

163    +  7 

Black  Knapweed 

210 

1961  +  14 

212 

189 

+  23 

216   187 

+  29 

199 

186    +13 

Harebell      . 

212 

191 

+  21 

205 

202 

+   3 

212    200 

+  12 

202 

192    + 10 

Greater  Bindweed 

221 

198 

+  23 

230 

20s 

+  27 

...     201 

209 

1951  +14 

Ivy      .... 

282 

283 

282 

+    I 

314   280 

+  34 

280 

272    +  8 

Mean  for  the  13  Plants 

143*136* +7* 

161* 

153* 

+  8* 

i56t/47++9t 

148 

142 !  +  6 

•  For  12  Plants.  f  For  11  Plants. 

+  indicates  the  number  of  days  later  than  the  average  date. 

M  fi  II      earlier    „  „ 

o         ,,  average  date  (1891-1907). 

The  dates  in  italics  are  a])proximate  averages. 
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April. — Mavman  (A) — Ist  All  our  large  maiguerites  are  now  dead. 
AUamon  (A) — Apples,  pears,  etc.,  showing  luxuriant  blossom.  WTiitney-on-JVye 
(A) — Growth  in  gardens  very  slow.  Bembridge  (O) — Plums  and  pears  full  of 
blossom.  Chiddingfold  (O)— 26th.  Blackthorn,  wild  cherry,  and  pear  in  remark- 
ably profuse  bloom.  30th.  Qrass  in  pastures  short  for  the  time  of  year. 
Coneyhurgt  (O) — 26th.  Sand-martin  first  seen.  Ckurt  Vicarage  (O) — let. 
Wryneck  first  heard.  10th.  White-throat  first  seen.  Berkhamsted  (D) — 14th. 
A  wild  cherry  in  my  garden  came  into  flower  5  days  in  advance  of  its  average 
date  in  the  previous  21  years,  Harefield  (D) — 17th.  Wryneck  first  heard. 
Macclesfield  (D) — 18th.  Blossom  on  early  plums  destroyed  by  froet  Ripley  (D) 
— 11th.  Sand-martin  first  seen.  Llangollen  (F) — ^Abundant  blossom  on  wild 
cherry  trees.  Corhridgeon-Tyne  (I)— Cuckoos  not  so  numerous  as  usual,  and  it 
was  longer  before  they  changed  their  note.  28th.  House-martin  seen.  29th. 
Sand-martin  seen.  Durris  (J) — 13th.  Sand-martin  first  seen.  22nd.  House- 
martin  first  seen. 

Mat. — Altamon  (A) — 22nd.  The  frosts  of  the  last  few  nights  have  killed 
rhododendron  blossom  and  all  the  young  shoots  of  the  ivy,  nettle,  etc.  Whitney^ 
on- Wye  (A) — 22nd.  Potatoes  and  runner  beans  blackened  by  frost.  Ovoca  (B) 
— In  the  third  week  potatoes  blackened  by  sharp  frosts.  Hawthorn  blossom 
abundant  Weymouth  (O) — 27th.  The  oaks  have  been  in  full  leaf  for  some 
time,  but  the  ashes  only  show  the  lea.st  sign  of  leaves  at  the  tips  of  the  branches. 
Botley  (P) — Oaks  quite  free  from  caterpillars.  Hardly  any  nightingales. 
16th.  Flowering  shrubs  exceptionally  full  of  blossom.  Churt  Vicarage  (O)— 
21st  The  night  frosts  have  done  much  damage  to  all  fruit  blossom.  Qoose- 
berries  dropping  off  the  bushes  in  the  lower  part  of  the  parish.  2 Ist  May-fly 
first  seen.  Furley  (O) — 18th.  Walnut-trees  in  the  Brighton  valley  below  my 
house  blackened  by  frost  Oxford  (D) — 24th.  Chestnut  blossoms  beginning  to 
fall  Owing  to  the  cool  weather  they  have  lasted  over  three  weeks.  Berh- 
liarmted  (D) — 4th.  A  Blenheim  orange  apple  in  my  garden  came  into  blossom 
2  days  earlier  than  its  average  date  in  the  previous  21  years.  Dymock  (D) 
— ^An  unusual  number  of  queen  wasps.  21st.  Potatoes  blackened  by  frost 
Macclesfidd  (D) — 24th.  Ash- trees  as  yet  quite  leafless.  Tacolneston  (B) — 
Abundant  blossom  on  the  hawthorns.  10th.  House-martin  first  seen.  SotUh^ 
acre  (E) — 30th.  Owing  to  the  absence  of  sun  the  continued  rain  has  begun  to 
damage  the  crops.  CUnchwarton  (B) — 30th.  Blossom  on  hawthorn  unusually 
abundant  Llangollen  (P) — 24th.  Potatoes  much  injured  by  frost  on  the  south 
side  of  the  town,  but  only  slightly  injured  on  north  side.  Durris  (J) — Fruit- 
trees  flowering  profusely. 

June. — Altamon  (A) — 13th.  Rapid  growth  of  weeds.  WhUney-on-Wye  (A) 
— 3rd.  After  the  gale  the  ground  was  strewn  with  leaves  as  in  winter.  Churt 
Vicarage  (fl)—b\}x.  Queen  wasps  very  numerous  this  year.  11th.  All  flowering 
trees  such  as  horse  chestnut,  laburnum,  and  hawthorn  unusually  beautiful  this 
year.  Oxford  (D) — 26th.  Scarcely  any  grass  has  been  cut  Harpenden  (D) — 
17th.  First  wheat-ear  out  of  sheath,  or  4  days  later  than  the  average  date  for  the 
previous  15  years.  Harefield  (D)--8th.  Hay  first  cut  Southacre  (B) — 30th. 
Hawthorn  still  in  bloom.  Clenchwarton  (B) — 29th.  A  great  many  slugs  and 
snails.  Llangollen  (F) — Vegetation  almost  at  a  standstill.  Betley  (F) — 23rd. 
Hay  cut  because  it  was  rotting  near  the  ground.  Westport  (Q-) — 1st.  Hawthorn 
blossom  completely  ruined  by  hail.  Moniaive  (H) — ^Vegetation  at  the  end  of 
month  at  a  standstill. 

Jolt. — Whitney-on^Wye  (A) — Some  good  hay  harvested  between  14th  and 
20th.  Botley  (O) — An  unusual  number  of  swifts.  Most  butterflies  and  moths 
scarce.  Bembridge  (O) — 7th.  Sufficient  snow  fell  for  boys  to  make  snowballs — 
a  "  record  '*  for  July.  West  Malvern  (D) — 6th.  A  haw^thorn  on  the  Malvern 
Hills  now  in  full  flower.     Famhoraugh  (D) — 15th.  Cuckoo  last  heard — ten  days 
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TABLE  v.— Date  (Day  of  Year)  of  Sono  and  Migration  of  Birds,  and 
First  Appearance  of  Insects,  1907. 


[  Song. 

n 

M 

ignition. 

Insects. 

Station. 

A 

-1 

be  rt 

i 

X 

1 

5« 

A 

Mawnan    .... 

7 

104 

105 

127 

279 

62 

... 

88 

133 

195 

Altarnon    . 

7 

104 

102 

130 

286 

47 

"4 

87 

n7 

159 

Brixhani 

13 

"3 

126 

292 

108 

193 

Starcross    . 

100 

"5 

... 

154 

284 

65 

84 

91 

124 

159 

Tiverton    . 

.. . 

61 

Clifton 

lois 

.. . 

... 

'h 

63 

Penarth 

... 

81 

104 

91 

132 

202 

Bridgend   . 

6 

no 

126 

285 

72 

128 

133 

180 

Little  Mill. 

14 

108 

"3 

125 

130 

282 

15 

76 

78 

96 

m 

Aberystwith 

8 

104 

125 

131 

268 

80 

88 

117 

180 

Whitney-on-Wye 

... 

91 

"5 

56 

91 

120 

128 

181 

B 

Skibbereen 

IS 

lOI 

3 

104 

Tallow 

99 

... 

79 

... 

Ferns 

"s 

105 

124 

304 

65 

no 

"3 

114 

m 

Bagenalstown 

i6 

104 

"5 

i'io 

281 

47 

105 

94 

"5 

Ovoca 

38 

1X2 

125 

276 

56 

86 

106 

114 

131 

Geashill     . 

102 

127 

... 

290 

53 

156 

n6 

130 

G 

Bembridge 

9 

90 

no 

los 

307 

62 

62 

86 

147 

Weymouth 

"3 

"5 

137 

303 

60 

10 

81 

158 

181 

Buckhorn  Weston 

5 

106 

106 

133 

289 

62 

83 

104 

172 

Havant 

9 

92 

104 

107 

144 

321 

80 

127 

179 

Botley 

9 

103 

104 

126 

137 

292 

42 

63 

93 

134 

194 

Bird  ham 

9 

88 

103 

112 

18 

119 

Muntham  . 

15 

103 

105 

"3 

163 

287 

11 

U2 

139 

130 

... 

Dover 

no 

313 

... 

Staplehurst 

104 

104 

104 

147 

17 

86 

128 

... 

Maidstone 

U 

"4 

103 

"5 

76 

114 

89 

... 

ChiddingfoKI 

lO 

103 

92 

112 

131 

sf 

94 

90 

131 

149 

Cranleigh  . 

14 

no 

102 

lOI 

298 

58 

91 

no 

Coneyhurst 

59 

114 

99 

lOI 

121 

79 

136 

Churt  Vicarage  . 

8 

105 

113 

114 

133 

281 

58 

107 

9? 

1^6 

170 

Purley 

7 

114 

112 

112 

285 

61 

114 

88 

... 

... 

Ditton  Hill 

8 

ISl 

"3 

113 

291 

94 

... 

Marlborough 

D 

Oxford       .... 

4S 

100 

114 

112 

133 

... 

... 

100 

133 

170 

126 

105 

126 

Harefield   .... 

... 

104 

108 

"5 

285 

% 

102 

118 

132 

160 

Chesham    .... 

101 

106 

131 

274 

92 

132 

.. . 

Watford     . 

113 

no 

117 

... 

29s 

58 

105 

105 

... 

St.  Albans  (New  Farm)     . 

6 

106 

"3 

108 

133 

295 

63 

93 

107 

131 

193 

St.  Albans  (Glenferrie  Road) 

6 

125 

124 

124 

138 

58 

91 

63 

132 

King's  Langley  . 

13i 

125 

116 

124 

126 

... 

Berkhamsted 

14 

102 

106 

114 

157 

293 

58 

91 

89 

131 

164 

Harpenden 

123 

109 

121 

78 

61 

108 

Ross  . 

4 

no 

124 

"3 

155 

... 

48 

... 

112 

Dymock     . 

. 

26 

96 

"3 

128 

146 

238 

58 

80 

114 

m 

. 

West  Malvern    . 

4 

118 

90 

283 

C 

73 

125 

127 

166 
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TABLE  V. 


-Date  (Day  of  Yeau)  of  Sono  and  Migration  of  Biuds,  and 
First  Appearance  of  Insects,  1907 — continued. 


Song. 

Migration. 

Insects. 

Statiok. 

P 

II 

.■12 

127 

1^ 

h 

135 

282 

i 

X 

17 

t 

72 

1-^ 

ll 

87 

a 
&| 

152 

c 

11 

s 

«9S 

Farnboroiigh 

I 

108 

"5 

Stone 

lO 

100 

"5 

122 

307 

... 

m 

Ketton 

... 

145 

114 

... 

114 

145 

Beeston 

9 

96 

118 

... 

266 

80 

90 

90 

Hodsock    . 

42 

"5 

125 

123 

133 

305 

15 

89 

96 

161 

Macclesfield 

43 

132 

131 

277 

89 

91 

90 

... 

Belton 

6 

115 

"5 

"7 

288 

40 

204 

146 

150 

184 

Altofts       . 

47 

97 

Ripley        .... 

47 

105 

89 

i'36 

272 

4*8 

'85 

144 

E 

Broxbourne 

4 

96 

320 

51 

Hatfield     . 

13 

liis 

112 

113 

77 

105 

114 

Sawbridgeworth 

9 

103 

118 

116 

131 

56 

80 

89 

131 

Hitchin      . 

12 

112 

114 

112 

Odsey  (Ash well) 
Shelford     . 

105 

124 

116 

294 

... 

... 

... 

95 

114 

118 

... 

303 

117 

119 

133 

143 

Lexden 

8 

112 

119 

109 

130 

284 

59 

91 

88 

126 

193 

Carleton-Forehoe 

i8 

105 

115 

121 

132 

52 

83 

H 

128 

Tacolneston 

15 

112 

116 

... 

59 

... 

128 

Eaton  (Norwich) 

125 

... 

... 

Southacre  . 

1*6 

no 

125 

114 

129 

291 

Vs 

124 

134 

175 

Brunstead  . 

13 

106 

112 

137 

285 

56 

112 

106 

147 

209 

Hevingham 

4(i 

113 

120 

... 

... 

Clenchwarton 

i6 

104 

125 

"s 

122 

159 

Peterborough      . 

5 

112 

112 

no 

125 

331 

46 

95 

93 

145 

F 

Llangollen 

40 

106 

112 

132 

279 

84 

95 

86 

132 

Betley        . 

^2 

104 

"3 

... 

138 

291 

87 

90 

"3 

171 

201 

Preston 

8 

125 

125 

... 

306 

«5 

103 

91 

Ambleside 

47 

"3 

116 

129 

126 

144 

205 

Cronkbourne 

53 

123 

131 

259 

39 

126 

106 

148 

153 

Q 

Ardgillan  .... 

14 

III 

114 

136 

269 

59 

112 

106 

134 

183 

Edgeworthstown 

112 

123 

... 

145 

277 

135 

106 

126 

... 

Westport    . 

2 

120 

125 

... 

Chanter  Hill 

33 

95 

127 

... 

272 

81 

133 

"7 

145 

150 

Loughbrickland 

46 

105 

ri6 

... 

277 

81 

"3 

138 

Saintfield  . 

15 

III 

116 

134 

82 

"5 

135 

Antrim 

IS 

"5 

125 

145 

275 

73 

III 

98 

126 

Altnafoyle . 

49 

13S 

130 

1^4 

'45 

128 

137 

199 

Milford      .... 

14 

119 

125 

26<3 

77 

134 

131 

139 

H 
Kirkmaiden 

25 

104 

130 

285 

83 

124 

136 

New  Galloway   . 

54 

126 

126 

56 

126 

Jardington 

47 

116 

125 

... 

274 

134 

11(5 

207 

Moniaive   . 

120 

119 

276 

132 

125 

Port  Ellen 

21 

119 

128 

... 

... 

'k'l 

124 

139 
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TABLE  v.— Date  (Day  of  Year)  of  Song  and  Migration  of  Bird8|  and 
First  Appearance  of  Inseotb,  1907 ^-continued. 


Station. 

Song. 

1^ 

Migration. 

.. 

Insect.*;. 

ckoo 
heard. 

tingale 
heard. 

atcher 
seen. 

! 

asp. 

White 
terfly. 

geTip 
terfly. 

w  Krown 
terfly. 

1 

1 

p 

nnp^&i 

<ji 

W 

Smal 
But 

Oran 
But 

Meado 
But 

I 
Thirsk       ,         .         . 

45 

116    125      ...    ,  133 

275 

1       1 

56  '  114     86    

]  Durham     , 

57 

121      ...    , 

69    127    121     

■  Corbridge-on-Tyne     . 

49 

119     127  1 271 

West  Foulden    . 

-, '-1^^^ 

...  1 197 

1         1 

J 

Forgandenny     . 

48 

131  '  132      ...    1  147  j    ... 

58      87    149      ••       •• 

Kirriemuir 

128     136      ...    1    ...    I  274 

56    15S     ...  1  ...  1  ... 

Durris        ,         .         .         .   i 

20 

115     124      ...      145 '279 

56  ;  90  112  169  190 

Crathes      .... 

17 

125'  125     ...  1  ...  :279 

...  1 \S£1    ... 

Aberdeen  .... 

42 

128   106     ...  1  ...  \£4S 

91       86     ...  1  ... 

... 

K 

1 

I 

[  Invermoidart 

50 

...     126,  ...  '  ...  1  ... 

...      lOI      ...   1   ... 

Beauly        .... 

50 

133    1321  ...     161 

48  ,  146  ioi^  

Dingwall   .... 

46 

126    131     ...     152 

63    132'  131 1  ...  i  ... 

Inverbroom 

57 

...  '128     ...  '  ... 

61  1 146. 139    

Watten      .... 

...    \l(!G     ... 

59  1  ..:     133    ...    203 

Mean  Dates  for  the  British  f 
Isles  in  1907          .         \ 

22 
Jan. 
22 

.         1 
no  i  118   115  .  135   288 
Apl.  Apl.  Apl.  May  Oct. 

20     28  1  25  1  IS      15 

1         1         '         1 

59  '  >o3 
Feb.  Apl. 
28     13 

Apl. 
15 

135 .  179 

May  June 

15  28 

1 

Mean  Dates  for  1 891 -1907 

Jan. 
23 

Apl. 
17 

Apl.  Apl.  MayOct. 

22       21    '    15    '    II 

i 

Feb.  Apl. 
25      12 

1 

Apl.  May  June 
18      10      12 

1 

;      1 

The  dates  in  italics  have  not  been  taken  into  consideration  when  calculating  the 
means  for  the  British  Isles. 

later  than  I  had  ever  heard  it  in  the  last  34  years.  Beedon  (D) — 5th.  Cuckoo 
still  heard  with  unbroken  note.  1 5th.  Strawberries  small  and  lacking  flavour. 
Hodsock  (D) — Many  strawberries  rotted  on  the  ground  instead  of  ripening. 
Lexden  (E) — 1 0th.  Hail-storm  sadly  damaged  many  vegetables  and  flowering 
plants  in  the  garden.  Southacre  (E) — 16  th.  Heard  the  cuckoo's  cry  and  even 
its  gurgling  note.  Clenchwarton  (B) — ^Wild  rose  blossoms  still  very  abundant 
Betley  (P) — 26th.  Sweet  peas  remarkably  good.  Think  (I) — 16tli.  Hay  first 
cut.     Durris  (I) — 8th.  Cuckoo  last  heard. 

August.  Altamon  (A) — 2nd.  Hay  still  being  harvested.  Mawnan  (A) — 
16  th.  Corn  harvest  began.  Brixham  (A)— Have  not  seen  an  orange  tip 
butterfly  this  summer.  WkUney-on-Wye  (A) — 9th.  Com  harvest  began,  while 
some  hay  was  still  out  in  the  fields.  St.  Albans  (New  Farm)  (D) — ^7tli.  Dog- 
roses  only  now  out  of  flower.  Wasps  and  house-flies  not  so  numerous  as  usual. 
SL  Albans  {Olenferrie  Road)  (D) — Marked  scarcity  of  butterflies.     King's  Langley 
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1 
^  ^          1         t>iVO  vO        ^       ^00  t^  u^  ro   vO     ts. 

|5             ^+  +  +        «        ++!++     +     + 

! 

1 
1 

Band  a 

S.  and  N. 

ro                              O  00  00  w^  N              t^ 

1 

u\z 

■f  °+          •         1    +    1    4-+     +     + 

•^w 

CO  N                     i^   W   CvO  VO      ON     0\ 

^°  1 +      •    ++  1  1  1    +  + 

s 

w^ 

m  ^  m                   rOOO   ro  O^OO      N      « 

.2 

' 

55 

vOMOO         «        vO»>^Nro          -vi-> 
o^                         ^                   ^         O      ^      "^ 

+  +  +         N         +II++      + 

o 

>^ 

P 

1 

1 

S5 

+     1      +            «           +   +      1       1        1         +       -f 

Mp4 

**+  +  +    s    +  +  +  +  +  +  + 

1 

fsa 

-4j 

«l 

Eh 

Ow 

^+  +  +         «         +  +     1    +  +      +      + 

^^ 

>5                     ft      O  O  «^ 

1 

•o 

Wheat 

Barley 

Oats  .... 

Corn  Harvest  began,  "j 
average  Date,  day  of  V 
Year        .         .         J 

Beans 

Peas   .... 

Potatoes      . 

Turnips 

Mangolds    . 

Hay  (Permanent  Pas-  \ 
tures)       .         .         / 

Hay  (Clover,  etc.) 

8^. 


i>! 

ll 

s 

1      i    +  +  +  +    1 

t-i 

n- 

CO 

;3 

^ 

9z 

3= 

0 

2 

Mc/5 

1     1     !    +  +  +  0 

1 

Mz 

g 

1 

11 

1     1     1    +  +  +  + 

1 

r? 

Km 

Hi 

0 

^ 

■** 

a 

r-1 

;5 

1     1    +  +  +  +    1 

t 

f-t 

t 

in 

cfl 

M 

1     1     1    +  +  +    1 

0 

« 

H 

g 

t3 

•♦^ 

P4 

s 

f^ 

Mm 

1     1    +  +  +  +    1 
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TABLE  VII I. —Variations  from  the  Avehaoe  in  Mean  Temperatube, 
Rainfall,  and  Sunshine,  1906-7. 

Winter  1906-7. 
Temperature. 


Months. 

Eng.  1    Ire.    1  Eng. 
S.W.  ■     s.    ,     S. 

Al'iS." 

Eng. 

Eng. 
N.W. 

Ire. 

N. 

Scot. 

w. 

g"l: 

Scot. 
E. 

Scot. 

N. 

December 
January     . 
February  . 

o        ■        «        1        • 

-1-2   -0-4'  - 1-9 

-2.0'-0-4    -  1-2 

-2-4   -0-9  - 1-9 

0  i  . 
-11-23 
-09  -10 
-0.9  -i-i 

-l-O 
-  10 

-1-3 

+  0-2 

-0.9 
-06 

-0-8 

0 
-1-3 
-1-4 
-04 

e 
-O-I 
-I-O 
-0-2 

-0-6 
-0.7 
-0.5 

Winter      . 

-1-9   -0-6   -  1-7 

-1 

-I-O 

-15 

-  I'l     -O-I 

-0.8 

-  I-O 

-0-4  -0-6 

Jiain. 

December 
January     . 
February  . 

in.       in. 
-09   -1-4 
-  1.7,-2-8 
-0-6   -  10 

in. 
-08 

-1-3 
-0.5 

in. 
-01 

-1-3 

-0-4 

in. 
+  01 
-0.6 

-0-2 

in. 
+  0.3 
-1.4 
o-o 

in. 
o-o 
-1-3 

-O-I 

in. 
-0.4 
-1-8 
+  03 

in.       in. 
+  0-I   +0-5 

-  I-O-  I-I 
-O-I  l-o-i 

in. 

00 
+  0.3 
+  1-8 

Winter      . 

-3-2 

-  5-2    -  2-6 

-1-8 

-0.7 

-  II 

-1.4 

-1.9 

-10; -1.7 

+  21 

Su7ishine. 

December 
January     . 
February  . 

hrs. 
+  6 

+  13 
-    I 

hrs. 
-   6 
-16 
+  6 

hrs. 

+  16 
+  10 

hrs.     hrs. 
+  12    +  8 

+  17    +17 
+  17    -   3 

hrs. 
+  10 
+  14 

+  21 

hrs. 
0 

+  8 

hrs. 

+18 

hrs. 
+  11 
+  34 
+  30 

hrs. 
+  31 

hrs. 
-II 
-   8 
+  9 

Winter 

+  18 

-16 

+  37 

+  46 

+  22 

.45 

-    I  1  +  13    +75 

+  42    -10 

Spring  1907. 
TemjTerature. 


March       . 

April 

May 

+  11 
-0.9 
-15 

+  5.8 
-0.9 
-1.9 

0 

+  1-2 
-0.3 
-M 

+  2.0  +1.3 
+  0.31+07 
-  I'l    -02 

+  1-9 
-0.2 
-14 

+  2.3    +1.8    +2-1 

-0-6  1    o-o  +I-0 
-1-8  -1-5  -06 

+  J-9  +1-5 
O'O  +0-5 

-2-5     -1-2 

Spring       . 

-04 

o-o 

-O'l 

+  0.4 

+  0.6 

+  01 

o-o  +0-I   +0-8 

-0-2|  +  0-3 

Baiiu 

March 

April 

May 

in. 

-  I-O 

+  1-7 
+  0-8 

in. 
-0.7 
+  0-4 

+  I-0 

in. 
-0.8 

+  0-6 

in. 
-0.5 
+  0.3 

+  1-3 

in. 
-0.4 
+  0.4 
+  1-1 

in. 
+  0.7 
-0.6 
+  08 

in. 
+  1-6 
+  0-1 
+  1.9 

in. 
+  0.8 
+  02 
+  1-8 

in. 
-0.6 
o-o 
+  2.0 

in. 
-0-2 
+  0-1 

+  1-2 

in. 

+  1-5 
-01 
+0.7 

Spring 

+  1-5 

+  0.7 

+  1-3 

+  1-1 

+  I-I 

+  0-9 

+  3-6 

+  2-8 

+  1.4 

+  1-1 

+  2-1 

SitrTishvie. 

March 

April 

May 

hrs. 
+  36 
-   7 
-70 

hrs. 
+  16 
-20 
-31 

hrs. 

+  77 
+  10 

-53 

hrs. 
+  60 
-  10 
-60 

hrs. 
+  75 
-   7 
-33 

hrs. 
+  59 
+  3 
-70 

hrs. 
+  24 
-20 
-35 

hrs. 

+  77 
-  10 

-47 

hrs.     hrs. 
+  80    +45 

+  12  :  +  i4 

-45  ;-72 

hrs. 
+  10 
+  11 
-26 

Spring 

-41 

-35 

+  34 

-10 

+  35 

-  8 

-31 

+  20 

+  47 

-13 

-   5 

+  indicates  above  the  arerage,  -  belov  it. 
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TABLE  VIII.— Vakiations  from  the  Avukkq^— continued. 

Summer  1907. 

Temperature. 


Months. 

Eng. 
S.W. 

Ire.       Eng.     Eng. 
S.          S.     1  Mid. 

Eng.  1  Eng. 
E.       N.W. 

Ire.    1  Scot 
N.        W. 

S"£ 

Scot.  .  Scot. 

E.     1     N. 

June 

July.         .         . 

August 

-3-6 
-2-3 
-0.9 

-3-1   -27  -3-0 

-0.3-3.6  -3.4 
- 0.6 1- I.I  -0.8 

1 

-I-I    -3.2 

-37   -2-3 
+  01    -1-5 

-3-8 

-  I-O 

-16 

0         0 
-3-4  -M 
-0-6  -32 

-I-6i-02 

-3-3 
-3-3 
-2-5 

-26 
-16 
-2.4 

Summer    . 

-23' -1.3 '-2.5 

! 

-24 

,  1 
-1-6    -23 

-21   -19 

-i-S 

-3.0 

-22 

Hain. 

June 

July.         .         . 

August      . 

in. 
+  1-4 
+  0-2 
-0.7 

in. 
+  1-1 

+  0-2 
-  12 

in.       in.       in.    j   in.       in.    ,   in.       in. 

O'O  +  0.4  -  0-3  .  +  2-8  +  2-0  +  2-3  +  0-8 
-0-7  +0.9  -0.71-0-6  -0-4I-I.I   -1-4 
- 0-6  j- 0.7   -M   +0-2  -0-4  -j-i-o  -0.6 

in. 

+  1-3 
-0.5 
+  0-3 

in. 

+  2K> 

-12 

+  2-0 

Summer   . 

+  0.9 

+  0-1 

-1-3 '  +  0-6    -2-1; +2-4   +1-2, +  2-2 

1                     '          ' 

-  1-2 

+  I-I 

+  2-8 

Sunshine, 

June 

July.         .         . 

August 

hrs. 
-34 

hrs. 
-56 
+  30 
-14 

hrs. 
-33 
-15 

hrs.     hrs. 

-30    -40 

-  26    -  30 

0    ,-  II 

hrs. 
-63 

-  2 

-  9 

hrs. 

-47 
+  30 
+  8 

hrs. 
-78 
+   8 
-   3 

hrs. 
-  II 
-18 

+  21 

hrs. 
-37 
-45 
-   9 

hrs. 
-44 
-    4 
-16 

Summer   , 

-104 

-40 

-51 

-56 

-81     -74 

1 

-   9 

-73 

-   8 

-91 

-64 

Autumn  1907. 
Temperature, 


September 
October    . 
November 

+  J.6 

+  04 

0-0 

+  2.8 

+0.4 
-1.4 

+  1.2 
+  2.2 
+  1-3 

+  1.8 
+0-9 

+  11 
+  3-2 

+  2-0 

+  17 
+  1-0 
-02 

+;.8 

+  1-3 
-03 

+  12 

+  1-4 
-0.9 

+  12 

+  2-1 
+  0.4 

+07 

+  '•3 
+  02 

+  07 

+  14 

o-o 

Autumn    . 

.« 

+06 

+  1-6 

+  1-3 

+  21 

+  0.8 

+  0.9  [  +  0.6 

+  1-2 

+07 

+  07 

Bain, 

September 
October    . 
November 

in. 
-1.6 
+  2.5 
-0.5 

in. 
-i-i 
+  2-0 
-0.4 

in. 

-1-5 
+  2.2 
-04 

in. 

-1-2 

+  2.3 
+0.1 

in. 
-1.5 
-0-3 

+  01 

in. 

-2.1 

+0.8 

-0-2 

in. 
-1.5 
+  0.3 
-07 

in. 

-26 
+0.8 
-0.6 

in. 

-1-3 

+  1.5 
-02 

in. 
-1.0 
+  24 
-07 

in. 

-1-8 
-2.8 
-04 

Autumn    . 

+0.4 

+  0.5 

+  0.3 

+  1-2 

-17 

-1.5 

-19 

-24 

00 

+  07 

-S-o 

Sunshine, 

September 
October    . 
November 

hrs. 
+  23 
-12 

+   4 

hrs. 
-15 
-34 
+  9 

hrs. 

-16 

-    I 

hrs. 
+  28 

hrs. 

+  41 
-14 
-   8 

hrs. 
+  20 

+   4 
+  5 

hrs. 

-IS 
-21 
+  21 

hrs. 
+  9 

hrs. 

+  54 
+  5 
+  9 

hrs. 
+  51 
-14 
+  14 

hrs. 
+  29 

+  5 
+  11 

Autumn    . 

+  15 

-40 

+  17  1  +  29 

+  19  1  +  29  j-15 

-   6    +68 

+  51 

+  45 

The  above  Table  has  been  compiled  from  the  variations  from  the  mean  given  in  the 
Weekly  Weaiher  Reports  issued  by  the  Meteorological  OflBoe. 
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TABLE  IX.— Supplementary  Observations  in  1907. 


BIRDS. 
Chiff-Chaff  (first  heard). 


Staiion. 


Mawnan 
Bagenalstown 
Ovoca  . 
Ardgillan     . 
Edgeworthstown  , 


District. 


A 
B 
B 

a 
a 


Date. 


April       I. 
March  24. 

„       26. 

»       27. 

M       28. 


Corncrake  (first  heard). 


Bridgend 
Whitney -on -Wye 
Ovoca  . 
Ripley 
Cronkbourne 
Chanter  Hill 
Altnafoyle    . 
Tardin^on    . 
Moniaive 
Thirsk 

Corbridge-on-Tyne 
Durris . 


A 
A 
B 
D 

F 

a 
a 

H 
H 

I 
I 
J 


May     8. 

„      17. 

„       7. 

„      13- 

„  10. 
April  22. 

>,  30- 
May  29. 

»       8. 

„  10. 
April  23. 
May   II. 


Swift  (first  seen). 


Station. 


"  Brixham       . 

Bridgend 
'  Ovoca. 
I  Cranleigh     . 
I  Churt  Vicarage 
1'  Harefield      . 
^  Dymock 
!  Ripley 
i,  Odsey  . 
!  Altnafoyle    . 

Corbridge-on-Tync 
;    Durris . 


District. 


A 
A 
B 
C 
G 
D 
D 
D 
E 

a 

I 
J 


Date. 


May 


10. 

5. 

5- 

24. 

6. 

5- 
14. 
12. 
18. 
19. 


PLANTS. 
Winter  Aconite. 


WTiitney-on-Wyc . 

A 

Cambridge  . 

G 

Churt  Vicarage    . 

G 

Watford       . 

D 

Berkhamsted 

D 

Clenchwarton 

E 

Feb.  18. 
Jan.    16. 

„  17. 
8. 
II. 
7- 


Feb. 
Jan. 


(D) — Oats  were  first  cut  on  the  2iid,  and  wheat  on  the  9th.  Harefield  (D) — 
5th.  Oats  first  cut.  1 1th.  Swift  last  seen.  29th.  Wheat  first  cut.  Farnboroiigh 
(D) — Scarcely  any  butterflies  all  the  summer.  Northampton  (D)— Some  hay 
not  carried  before  the  middle  of  the  month.  Hodsock  (D) — lOtb.  Hay  harvest 
finished.  16th.  Oats  cut.  Ripley  (D) — 27th.  Swift  last  seen.  Odsey  (Ashwel^ 
(B) — 15th.  Wheat  cut.  2l8t.  Barley  cut  30th.  Oats  cut.  Bocking  (B)— 
16th.  Harvest  began.  Lexden  (B) — ^The  usual  autumn  butterflies  almost  non- 
existent here,  but  wasps  were  extremely  numerous.  Cletichwarton  (B) — 19th. 
Very  few  wasps.  30th.  Leaves  of  wych  elm  turning  colour.  Llangollen  (F) — 
Hay  harvested  in  fair  condition.  Cronkbourne  (P) — 27th.  Harvest  began. 
Antrim  (G) — Very  few  butterflies,  wasps,  or  house-flies.  20th.  Swift  last  seen. 
22nd.  A  brood  of  swallows  left  their  nest.  Thirsk  (I) — 14th.  Hay  harvest 
completed.  28th.  First  com  cut.  Beauly  (K) — Much  hay  harvested  in  good 
order  during  the  third  week. 

-September. — Altamon  (A) — The  straw  of  com  crops  heavy  everywhere. 
IVhitney-on-JVye  (A) — Potatoes  much  diseased.  Blackberries  a  failure.  Ovoca 
(B) — On  the  whole  a  very  poor  harvest.  Very  few  wasps  and  not  many  butter- 
flies. Churt  Vicarage  (O) — 10th.  The  early  autumn  flowers  particularly  full  of 
bloom.  23rd.  Dahlias  and  French  beans  destroyed  by  frost  in  lower  parts  of  the 
parish.  Ditton  Hill  (O) — All  fruits  this  year  are  wanting  in  flavour.  Potatoes 
considerably  diseased.  Famborough  (D)- — 1st  An  abnormal  number  of  ear- 
wigs. Beeston  (D) — Very  few  butterflies,  but  plenty  of  earwigs.  Hodsock 
(D) — 6th.  Enormous  crops  of  plums.  24th.  Com  harvest  finished.  Macclesfield 
(D) — Qardens  looked  brighter  and  the  flowers  were  more  abundant  at  the  end 
of  the  month  than  at  any  time  in  the  year.     Bocking   (B) — 24th.    Harvest 
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finished.  Southacre  (B) — 19th.  Harvest  finished.  ClenchwaHon  (B) — 27th. 
Harvest  finished.  Llangollen  (P) — Splendid  weather  for  early  harvests. 
Betley  (F) — 13th.  Oats  carried.  Crankboume  (P) — 4th.  Dahlias  slightly 
blackened  by  frost.  Moniaive  (H) — 3rd.  Potatoes,  holly,  bay,  phlox,  etc., 
blackened  by  frost.  Tkirsk  (I) — 4fch.  Marrows  and  kidney  beans  killed  by 
frost  Aberdeen  (I) — Two  or  throe  weeks  in  this  month  the  only  genial  ones 
in  the  whole  year. 

October. — Altamon  (A) — 31st.  Second  crop  of  grass  very  good.  JVhitney- 
on-Wye  (A) — 16th.  Dahlias  and  beans  blackened  by  frost.  BagenaUtoum  (B) — 
23rd.  Gathered  a  dish  of  peas.  Churt  Vicarage  (O) — 25th.  My  dahlias  were 
destroyed  by  frost  Harefield  (D) — 20th-  Martin  last  seen.  Dymock  (D) — 
8th.  Dahlias  blackened  by  frost  Hodsock  (D) — 8th.  Peas  have  very  little 
flavour.  13tli.  A  large  crop  of  apples.  21st  Gathered  a  dish  of  peas. 
ClenehvJorUm  (B) — 16th.  A  nest  of  young  swallows  ready  to  fly.  20th. 
Blackberries  plentiful,  but  small  and  still  green.  Llangollen  (F) — Weather 
bad  for  late  harvests  and  working  the  land.  Saintfidd  (G-) — 31st.  Much  com 
still  in  the  fields.  Iltirsk  (I) — 21st  Quite  half  of  the  corn  in  this  district  still 
out  in  the  fields  and  some  not  cut 

NovBHBBB. — Altamon  (A) — Very  late  defoliation  of  many  trees.  Tiverton 
(A) — 32  wild  flowers  and  63  garden  flowers  were  in  blossom  during  the  month. 
1st  A  large  peach  gathered  out  of  doors.  6th.  Half  a  pint  of  blackberries 
gathered.  Aherystwith  (A) — 21st  Dahlias  killed.  JVkitney-on-Wye  (A) — 
Many  leaves  still  on  the  trees  at  the  end  of  the  month.  Churt  Vicarage  (O) — 
15th.  Autumn  tints  not  so  bright  as  usual.  St  Albam  (New  Farm)  (D) — 
Geraniums  and  heliotropes  in  flower  until  the  22nd.  All  the  deciduous  trees 
kept  their  foliage  later  than  usual.  St  Albans  (Glenferrie  Road)  (D) — Holly- 
trees  laden  with  berries.  Berhhamsted  (D) — 16th.  Dahlias  killed  by  frost,  10 
days  later  than  the  average  date  of  their  destruction  in  the  previous  22  years. 
Fa/rnborough  (py^Daphne  mezereon  in  bloom.  Hodsock  (D) — 5th.  Autumn 
tints  showing  a  little,  but  never  really  good.  Odsey  (B) — 1st  Common  elms 
in  full  leaf.  5th.  Half  of  the  foliage  yellow.  9th.  Have  lost  but  few  leaves. 
1 9th.  In  exposed  places  they  retain  but  a  sprinkling  of  their  leaves.  30th. 
-  Still  a  few  leaves  on  the  common  elm.  Other  trees  virtually  bare.  Clenchwarton 
(B) — dOth.  Roses  still  in  bloom.  Llangollen  (F) — Com  still  unharvested  on 
upland  forms.  BeUey  (F) — 6th.  Never  saw  flowers  in  the  garden  in  such 
profusion  so  late  in  the  year.  Thirsk  (I) — 10th.  Harvest  not  yet  completed 
on  upland  farms.  Durris  (I) — Unprecedented  length  of  harvest  Aberdeen  (J) 
— ^Much  harvest  work  had  to  be  done  this  month.  Beauty  (K) — Last  com 
secured  in  fair  condition  by  the  middle  of  the  month. 


DISCUSSION. 

Mr.  R.  H.  Hooker  congratulated  Mr.  Mawley  on  his  Report  These  papers 
were  always  very  interesting,  and  Mr.  Mawle/s  summary  of  the  whole  season 
was  admirable.  He  wished  to  call  attention  to  one  point,  and  that  was  the 
apparent  failure  of  Dr.  Shaw's  relationship  between  the  autumn  rainfall  and 
the  wheat  supply.  This  foilure  was  only  apparent.  Fifteen  months  ago,  he 
(Mr.  Hooker)  had  gone  thoroughly  into  the  question.  He  had  taken  Dr.  Shaw's 
point  and  extended  it  over  other  crops  and  weather  at  different  parts  of  the 
year.  The  result  had  confirmed  Dr.  Shaw's  opinion.  In  the  autumn  of  1906 
the  rainfall  was  above  the  average,  but  not  very  much,  and  he  had  come  to 
the  conclusion  that  the  probable  deficiency  of  the  wheat  yield  due  thereto  was 
about  1  bushel  per  acre.  There  were,  however,  two  abnormal  seasons  affecting 
the  harvest  of  1907,  viz. :  the  cool  spring  and  summer,  and  the  hot  summer  of 
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the  preceding  year.  Each  of  these  probably  accounted  for  an  increase  of  2-3 
bushels,  against  which  had  to  be  set  the  deficiency  due  to  the  wet  autumn,  leaving 
something  like  4-5  bushels  per  acre  above  the  average  as  the  effect  of  the  whole 
period.  The  chief  feature  of  the  year  had  been  the  very  cool  spring  and 
summer,  which  he  thought  conduced  to  bulk  in  nearly  all  crops.  The 
beautiful  summer  of  1906  had  also  had  a  good  influence  upon  the  grain  seeds, 
and  these  two  factors  accounted  for  the  very  great  abundance  of  nearly  all 
crops  in  1907. 

Mr.  F.  C.  Batard  said  he  had  listened  with  great  interest  to  Mr.  Mawley's 
report  In  1891  Mr.  Mawley  had  taken  a  mean  of  the  previous  8  years,  and 
after  that  he  commenced  taking  the  means  from  1891  up  to  the  present  time. 
He  (Mr.  Bayard)  considered  it  might  be  an  advantage  if  the  mean  of  the  first 
8  years  were  added  to  the  mean  for  1891  to  1907.  They  would  get  an 
average  of  25  years.  Mr.  Mawley  had  mentioned  that  wasps  were  a  day 
late ;  they  were  very  scarce  during  the  summer,  but  in  September  they 
were  very  great  in  number. 

Mr.  H.  Mellish  remarked  that  he  would  like  to  know  whether  Mr.  Mawley 
had  received  any  reports  upon  the  extraordinary  number  of  small  flies  in  the 
early  autumn  of  last  year.  As  regards  the  large  produce  of  so  many  crops 
last  year,  in  many  of  the  late  districts  these  were  scarcely  harvested  at  all.  He 
himself  had  watched  one  field  of  wheat  which  was  only  harvested  just  before 
Christmas.  In  the  North  things  were  still  worse.  The  total  yield  might  have 
been  very  good,  but  a  great  deal  of  the  harvest  must  have  been  got  in  in  a  bad 
condition.  The  value  of  the  produce  was  only  calculated  on  the  price  of  the 
best  samples. 

Mr.  W.  W.  Bryant  remarked  that  at  the  Royal  Observatory,  Greenwich,  he 
had  noticed  a  magnolia  flowering  twice,  the  second  time  fairly  late  in  the  year. 
He  had  not  known  this  to  happen  before. 

Mr.  C.  Harding  said  he  hoped  Mr.  Mawley  would  stay  his  hand  in  the 
execution  of  one  threat,  and  that  was  when  he  said  that  he  would  delete  the 
early  years  of  the  diagram  which  he  showed  for  1 7  years  for  different  districts. 
Rather  than  cut  out  any  of  the  years  he  would  suggest  that  Mr.  Mawley  might 
make  five-yearly  averages  of  thenu  He  thought  the  great  value  of  these  observa- 
tions lay  in  the  long  period  over  which  they  extended. 

Mr.  J.  E.  Clark  said  he  had  heard  that  the  honey  crop  was  a  failure, 
probably  because  it  depended  entirely  upon  the  weather  of  the  months  which 
were  so  specially  cool.  May  to  July.  He  thought  one  reason  of  the  reports  of 
ruin  was  because  the  farmers,  like  others,  were  apt  to  cry  out  when  things 
went  wrong,  but  kept  quiet  when  everything  was  going  right.  The  after  effects 
of  the  season  were  also  interesting,  as  shown  in  the  condition  of  the  flowering 
plants  at  the  end  of  the  season.  Last  year  there  had  been  practically  no  fros^ 
and  very  little  of  the  flowering  plants  had  therefore  been  destroyed.  He  had 
taken  observations  of  the  number  of  flowering  plants  in  his  garden,  and  there 
had  not  been  so  much  difference  as  might  have  been  anticipated  between  1906 
and  1907,  though  the  latter  year  showed  greater  profusion.  Mr.  Clark  then 
gave  some  comparative  figures  concerning  plants,  remarking  that  last  year  he 
had  at  Christmas  50  garden  and  46  wild  plants.  Many  roses  in  December 
were  still  in  bloom.  The  totals  for  January  of  last  year  had  come  out  more 
than  for  this  year,  being  23  this  year  and  26  plants  last  year.  The  frost  in 
February  had  reduced  the  number  still  more. 

Mr.  E.  Mawley  in  reply  said  he  was  much  interested  in  the  remarks  made 
by  Mr.  Hooker  upon  the  probable  effect  of  the  different  seasons  upon  agri- 
cultural produce.  He  was,  however,  still  of  opinion  that  Dr.  Shaw's  theory 
had  not  been  last  year  borne  out  by  the  results  of  the  harvest.  Dr.  Shaw's 
theory,  as  originally  stated,  was  that  the  yield  of  wheat  in  one  year  was  in 
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inverse  proportion  to  the  quantity  of  rain  deposited  during  the  previous 
autumn.  Whereas  the  yield  of  wheat  in  1907,  and  also  the  rainfall  of  the 
autumn  of  1906,  were  throughout  the  corn-growing  districts  of  England  in 
excess  of  the  average.  In  answer  to  Mr.  Bayard  he  need  only  say  that  previous 
to  1891  the  observations  of  the  13  plants  were  in  no  district  sufficiently 
numerous  to  be  of  any  service  in  a  comparative  table  like  Table  I. 

Mr.  B.  H.  Hooker  said  that  Mr.  Mawley  had  apparently  misunderstood  his 
remarks  about  Dr.  Shaw's  calculations.  The  autumn  period  of  the  year  had 
been  swamped  by  other  periods  which  happened  in  1907  to  be  of  more 
importance. 

The  Climate  of  Davos. 

We  have  received  from  Dr.  Hugo  Bach  a  pamphlet  on  this  subject,  which 
forms  Bd.  xliL  1  of  the  Neue  Denkschriften  der  Schiveizerischm  Naturfonchenden 
OeselUckafL  The  paper  is  based  upon  the  material  furnished  by  the  Meteor- 
ological Station  at  Davos,  and,  in  addition  to  its  tables,  curves,  and  summaries 
contains  a  discussion  on  the  hygienic  aspects  of  the  Davos  climate.  Of  the 
general  points  which  emerge  from  the  investigation,  the  most  important  is  the 
emphasis  which  the  author  lays  upon  the  distinction  to  be  drawn  between 
the  climate  of  an  elevated  valley  and  that  of  a  mountain  summit.  As  is  well 
known,  a  mountain  climate  tends  to  approach  the  insular  type,  but  the  Davos 
observations  show  that  the  elevated  valley  climate  approaches  nearer  the 
continental  type.  As  regards  the  different  climatic  elements,  the  pressure,  as 
it  is  to  be  expected  from  the  elevation,  is  low,  and  the  variations  relatively 
small.  As  in  other  elevated  regions,  the  maximum  falls  in  the  summer,  not 
in  the  colder  months  as  at  lower  levels.  The  valley  is  sheltered  from  the 
wind,  and  calms  are  frequent.  The  amount  of  cloud  reaches  its  minimum  in 
winter,  and  is  small  as  compared  with  towns  in  the  plain,  e,g.  Zurich,  and  with 
mountain  summits,  like  the  Bigi-kulm.  The  low  pressure  results  in  a  low 
humidity  of  the  air ;  in  winter,  especially,  the  difference  between  the  amount 
of  atmospheric  moisture  in  the  Davos  valley  and  in  the  low  ground  is  enormous. 
As  a  result  again  of  this,  and  also  of  the  broad  shape  of  the  valley,  and  of  the 
reflecting  snow  mountains  around,  insolation  is  very  strong.  This  insolation 
again  gives  the  climate  an  extreme  and  thus  a  continental  character.  Not  only 
does  it  produce  a  well-marked  effect  on  the  summer  and  winter  means,  but  it 
also  produces  marked  diurnal  variations  of  temperature  in  objects  exposed  to 
the  sun's  rays.  At  the  Schatzalp  Sanatorium,  which  is  placed  about  300  metres 
[1000  ft.]  above  the  floor  of  the  valley,  both  the  daily  and  the  annual  variations 
are  less  marked  than  at  Davos,  t>.  this  station  approaches  nearer  the  mountain 
type  of  climate.  On  the  otlier  hand  it  is  to  be  noted  that  severe  shade 
temperatures  can  be  much  more  readily  tolerated  here  than  on  lower  groimd, 
owing  to  the  stillness  of  the  dry  air  and  its  feeble  conductivity.  The  mean 
annual  precipitation  is  about  910  mm.  (36  ins.),  that  is,  not  much  more  than 
half  that  of  such  places  as  Lucerne  and  Lugano  (1710  mm.)  [67  ins.].  The 
continental  character  of  the  precipitation  is  especially  shown  in  the  time  of 
fall,  for  while  the  summer  is  wet,  the  winter  means,  and  especially  the  January 
means,  fall  isx  below  those  of  lower  stations.  Thus  the  mean  January  fall  at 
Davos  is  under  2  ins.  (46  mm.). 

As  regards  the  physiological  effects  of  the  Davos  climate,  especially  on 
personB  in  delicate  hecdth,  the  only  point  which  we  can  mention  here  is  that 
the  evidence  seems  to  show  that  the  active  agents  do  not  appear  to  be  exclusively 
the  meteorological  elements  as  usually  measured.  It  is  possible  that  other 
factors,  such  as  the  electrical  condition  of  the  air,  and  its  radioactive  emana- 
tions, intervene  to  complicate  the  problem. — Scottish  Geographical  Magazine, 
August  1908. 


Digitized  by 


Google 


258 


VINCENT'S  CLOUD  ATLAS 


Vincent's  Oloud  Atlas. 

M.  J.  Vincent,  the  Meteorologist  of  the  Rojal  Observatory,  BrusselB,  has 
given  in  the  AnncUes  of  the  Observatory,  Tome  20,  an  '*  Atlas  des  Nuages," 
or  Cloud  Atlas.  This  atlas,  he  states,  has  been  compiled  with  the  object  of 
making  public,  especially  among  observers,  a  knowledge  of  the  classification 
published  in  the  International  Meteorological  Committee's  Cloud  Atlas  in  1896. 
He  has,  however,  expanded  this,  and  added  other  forms  which,  although  of 
secondary  importance,  he  considers  should  be  included.  Certain  species  have 
also  been  subdivided  into  several  varieties,  the  greater  part  of  which  have, 
however,  already  been  described  by  other  authors.  He  gives  an  account  of  the 
form,  relative  altitude,  and,  as  far  as  possible,  the  origin  of  the  condensations 
of  the  various  forms  of  cloud. 

He  divides  the  clouds  into  three  groups :  (1)  Lower,  (2)  Middle,  and  (3) 
Upper.     He  further  subdivides  these  into  the  following  varieties : — 


Lower  Clouds. 

Species, 

Varieties, 

Species, 

Varieties, 

Fnmulus 

Nimbus 

Tonitro-nimbus 

Cumulus 

Fracto-cumulus 

Cumulo-nimbus 

Fasciculus 

C.  simplex 

Stratulus 

C.  congestus 

Pileus 

C.  compositus 

Nimbo-stratus 

Pallio-cumuhis 

Strato-cumulua 

Pallio-strato-cnmuluB 

C.  humiUs 

Fracto-strato-cumulus 

C.  pendulus 

Stratus 

Fracto-atratns 

Nimbus 

Pallio-nimbus 

Stratus  cumuliformis 

N.  cumuliformis 

Stratus  hiemalis 

Fracto-nimbus 

MiDDLB 

Clouds. 

Species, 

Varieties. 

Species, 

Varieties, 

Alto-cumulus 

A.  cu.  pnlvinatus 

Alto-cumulufl 

A.  cu.  incertus 

A.  cu.  frizus 

A.  cu.  margarodes 

A.  cu.  floccus 

A.  cu.  ca^tellatus 

A.  cu.  sphericus 

Alto-stratus 

A.  cu.  granosus 

Virgulus 

A.  cu.  conrosus 

Cirroidea 

Upper  ( 

:Jlouds, 

Species. 

Varieties, 

Species, 

Varieties, 

Cirrus 

C.  filosus 

Tracto-cirrus 

T.-c.  implexus 

C.  UQcinus 

T.-c  floccosus 

C.  fascigerus 

T.-c.  lactosus 

C.  implexus 

Cirro-stratus 

C-s.  fascigerus 

C.  confertus 

C.-s.  implexus 

C.  floccosus 

C.-s.  floccosus 

C.  lactosus 

C.-s.  lactosus 

Tracto-cirrus 

T.-c.  filosiia 

C.-s.  informia 

T.-c.  pennatua 

Cirro-cumulus 

T.-c.  vertebratus 

M.  Vincent  gives  twenty-eight  photographic  reproductions  of  various  forms 
of  clouds,  which  were  taken  at  the  Royal  Observatory,  Uccle,  Brussels.  These 
are  extremely  interesting,  and  are  likely  to  be  of  great  assistance  to  observers 
in  identifying  many  forms  of  clouds. 
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UPPER  AIR  OBSERVATIONS  IN  EGYPT. 
By  B.  F.  E.  KEELING,  M.A.,  F.R.A.S. 

[Read  May  20,  1908.] 

The  President  has  invited  me  to  describe  to  you  the  lines  on  which  we 
are  conducting  the  investigation  of  the  upper  air  in  Egypt.  In  the 
present  paper  it  is  my  intention  to  give  a  brief  account  of  the  methods 
we  are  using  at  present,  and  oY  the  directions  in  which  we  hope,  in  the 
near  future,  to  develop  the  work.  In  no  country  in  the  world  can  the 
problems  of  commercial  value  which  meteorologists  have  to  solve  be 
stated  more  simply.  The  whole  justification  from  the  practical  point  of 
view  of  a  meteorological  organisation  in  Egypt  is  the  hope  that  in  the 
end  some  power  of  forecasting  the  state  of  the  Nile  may  be  acquired. 
In  Egypt  itself  there  is  comparatively  little  weather  at  all,  and  what 
there  is  has  no  influence  commercially  except  along  a  narrow  belt  on  the 
Mediterranean  coast,  but,  on  the  other  hand,  the  whole  prosperity  of 
Egypt  is  wrapped  up  in  the  weather  of  the  neighbouring  country  of 
Abyssinia.  As  the  summer  rainfall  is  greater  or  less  in  Abyssinia,  so  is 
the  Nile  flood,  and,  in  consequence,  the  area  of  land  cultivated  and  the 
general  prosperity  greater  or  less.  In  years  in  which,  following  a  bad 
flood,  a  bad  low  stage  of  the  river  is  to  be  expected,  the  early  spring 
showers  in  Abyssinia  are  also  of  very  great  importance. 

Unfortunately  there  is  not,  nor  for  some  time  is  there  likely  to  be, 
a  meteorological  service  in  Abyssinia.  It  is  true  that  some  observations 
have  from  time  to  time  been  made  at  Adis  Ababa,  but  anything  like  a 
systematic  study  of  the  climate  and  weather  in  Abyssinia  is,  for  the 
moment,  beyond  hope.  The  result  is  that  we  have  in  the  main  to  be 
content  with  indirect  lines  of  research.  We  have  but  very  imperfect 
information  about  the  Abyssinian  rainfall,  so  we  have  to  consider  the 
effect  of  that  rainfall,  the  Nile  flood,  and  to  study  its  relationship  with 
the  meteorological  conditions  prevailing  in  such  of  the  surrounding 
countries  as  have  meteorological  services.  Some  progress  is  undoubtedly 
being  made.  Thus,  Captain  Lyons  has  shown  that  there  is  an  apparent^ 
but  not  very  consistent^  connection  between  the  summer  barometric  pres- 
sure at  Cairo  and  the  following  Nile  flood. 

But  it  is  evident  that  little  advance  can  be  made  so  long  as  our 
observations  are  confined  to  the  surface,  and  that  it  is  of  the  utmost 
importance  to  acquire  a  knowledge  of  the  general  atmospheric  circulation 
over  the  whole  area  surrounding  the  rainfall  area.  This  is,  of  course, 
stating  the  matter  from  the  purely  local  point  of  view,  apart  from  the 
value  of  the  work  in  the  general  international  scheme  of  Upper  Air 
investigation. 

A  start  was  made  last  summer  by  establishing  an  aeronautical  station 
at  Helwan  Observatory.  The  observatory  is  situated  on  the  desert 
plateau  to  the  east  of  the  Nile,  about  25  kilometres  (15  miles)  south  of 
Cairo,  and  some  6  kilometres  (4  miles)  from  the  river.  The  principal 
buildings  are  100  metres  (330  ft.)  above  the  level  of  the  river. 

Up  to  the  present  two  lines  of  experiment  have  been  taken  up.  The 
first)  and  I  think  the  most  important,  is  the  flying  of  pilot  balloons  for 
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the  determination  of  the  direction  and  velocity  of  the  upper  currents. 
The  balloons  at  present  in  use  are  india-rubber  ones  made  by  M.  Paturel, 
and  are  filled  with  hydrogen  to  a  diameter  of  about  70  centimetres. 
The  hydrogen  is  prepared  from  zinc  and  sulphuric  acid,  and  is  washed 
and  dried  on  its  way  to  the  balloon.  The  balloons  are  watched  by  two 
observers  using  the  very  convenient  form  of  theodolite  made  by  Bosch 
of  Strassbiu-g.  We  are  at  present  using  a  base-line  rather  over  3  kilo- 
metres (2  miles)  in  length,  one  station  being  on  the  tower  of  the  Observa- 
tory and  the  other  on  a  hill  in  the  desert. 

Theodolite  readings  are  taken  simultaneously  at  intervals  of  a  minute, 
the  watches  used  being  compared  before  the  experiment.  The  staff  at 
each  station  consists  of  one  observer  to  keep  the  telescope  on  the  balloon 
and  to  read  the  vertical  circle  with  his  disengaged  eye,  a  native  clerk  to 
read  the  horizontal  circle  and  to  book  the  readings,  and  two  native  chain- 
men,  one  to  call  the  time,  and  the  other  to  hold  an  umbrella  over  the 
theodolite  and  observer.  The  theodolite  is  surrounded  by  a  square 
wind-screen. 

The  height  of  the  balloon  and  the  distance  away  from  the  point  from 
which  it  is  released  are  computed  for  each  minute,  and  are  then  plotted 
on  special  angle  paper,  which  has  been  lithographed  in  the  printing  office 
of  the  Survey  Department.  For  convenience  of  reference,  the  trajectories 
thus  obtained  are  reduced  on  to  cards  with  the  aid  of  a  pantagraph. 

The  observations  have  only  been  in  progress  for  a  few  months,  and  it 
is  too  early  yet  to  enter  on  a  statistical  examination  of  the  results,  which 
are  published  monthly  in  the  Cairo  Scientific  Journal,  It  may,  however, 
be  stated  that  the  observations  of  the  anti-trade  winds  made  by  Teisserenc 
de  Bort  and  Eotch  have  been  confirmed.  At  Helwan  (lat.  30°  N.),  the 
anti-trade  wind  is  reached  at  a  height  of  about  2000  metres  (6500  feet) 
above  sea-level.  Given  favourable  atmospheric  conditions,  the  balloons 
can  be  followed  to  a  distance  of  from  fifty  to  seventy  kilometres  (thirty  to 
forty-four  miles),  the  height  to  which  they  are  observed  depending,  of  course, 
on  the  character  of  the  wind  currents.  The  greatest  height  so  far 
reached  is  16,500  metres  (54,000  feet),  and  it  is  of  importance  to  note 
that  on  this  occasion  the  South-west  anti-trade  wind  was  apparently 
penetrated  and  a  North-west  upper-current  encountered. 

We  have  also  commenced  work  with  kites.  On  a  plateau  behind  the 
Observatory  two  galvanised  iron  sheds  have  been  built,  one  to  hold  the 
machinery,  and  the  other  a  number  of  kites  which  are  kept  strained  ready 
for  use.  The  kite-winch  was  made  by  Mr.  Cook,  mechanic  to  Manchester 
University,  from  designs  by  Mr.  W.  H.  Dines,  F.RS.,  and  Mr.  J.  E. 
Petavel,  F.R.S.  It  is  driven  by  a  3^  h.p.  Crossley  petrol  motor.  The 
whole  works  admirably,  and  from  the  start  very  little  trouble  has  been 
experienced.  The  kites  and  meteorographs  have  been  supplied  by  Mr. 
Dines.  In  kite-flying  we  are  greatly  hampered  by  the  very  low  wind 
velocities  which  are  usual  at  the  surface,  and  by  the  rather  common 
occurrence  of  calm-belts,  which  are  often  met  with  even  when  there  is 
a  kite-flying  breeze  on  the  ground. 

Observations  on  the  air  currents  in  Central  Africa  during  the  rainy 
season  are  much  needed,  and  it  has  been  arranged  for  me  to  spend  the 
month  of  August  at  Mongalla  (latitude  5^  N.).  I  am  taking  up  with  me 
apparatus  for  work  with  both  pilot  balloons  and  kites,  though  it  is 
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unlikely  that  there  will  be  more  than  two  or  three  days  on  which  we 
shall  be  able  to  use  the  latter,  as  the  winds  are  as  a  rule  exceedingly 
light.  On  my  return  in  September  I  shall  probably  make  a  few  days' 
observations  at  Port  Sudan  on  the  Bed  Sea  coast. 

I  hope  that  during  next  winter  our  investigations  may  be  considerably 
developed.  It  is  intended,  in  the  first  place,  to  examine  in  greater  detail 
the  direction  and  velocity  of  the  wind  in  the  lower  strata  of  the 
atmosphere  to  a  depth  of  2000  or  3000  metres  (6500  or  10,000  feet). 
In  EgjTpt  surface  winds  are  usually  very  light,  and  are  greatly  influenced 
by  very  local  circumstances. 

We  frequently  find  that  observations  of  the  wind  at  the  surface  are 
no  guide  to  the  nature  of  the  wind  at  an  altitude  of  only  100  or  200 
metres  (330  or  650  feet).  A  striking  example  of  this  was  furnished  by 
two  pilot  balloon  flights  made  last  December  at  Aswan.  Here  a  North 
wind  is  recorded  on  almost  every  day  in  the  year.  On  the  days  of 
observation  this  North  wind  was  found  to  be  only  200  metres  (650  feet) 
thick,  being  succeeded  by  a  due  £ast  wind. 

For  this  study  of  the  lower  strata  it  is  proposed  to  send  up  small 
pilot  balloons  daily,  using  a  short  base  of  500  metres  (1650  feet).  The 
long  distance  balloon  flights  will  be  continued  five  or  six  times  monthly 
I  hope  that  it  may  also  be  possible  to  occasionally  send  up  balloons  at 
Alexandria  and  at  Aswan,  where  the  interesting  ascents  in  December 
would  appear  to  justify  systematic  observations  being  made.  The 
smallness  of  our  staff  will,  however,  be  a  difficulty,  and  I  hope  that  any 
British  meteorologist  wishing  to  spend  a  winter  abroad  will  come  and 
make  upper  air  observations  at  Aswan. 

I  hope  also  that  the  research  into  the  temperature  and  humidity 
gradients  may  be  extended,  but  here,  as  I  have  remarked  before,  there 
are  considerable  difficulties  in  front  of  us  owing  to  low  wind  velocities. 
We  may  perhaps  be  able  to  improve  matters  by  changing  our  form  of 
kite,  and  perhaps  by  having  1000  or  2000  metres  (3300  or  6500  feet) 
of  lighter  wire  for  the  first  kite.  In  Europe  and  America  the  use  of 
ballons  sondes  has  "greatly  extended  the  information  about  the  tempera- 
ture gradient.  In  Egypt,  however,  owing  to  the  peculiar  geographical 
conditions  it  does  not  seem  possible  to  make  use  of  them  to  the  best 
advantage.  If  a  balloon  were  sent  up  at  Helwan  the  instruments  would 
invariably  fall  many  miles  in  the  desert,  and  the  chances  of  recovery 
would  be  infinitesimal.  If  ascents  were  made  in  the  Delta,  although 
some  percentage  of  the  balloons  would  burst  above  the  cultivated  area, 
it  is  exceedingly  doubtful  whether  more  than  a  very  few  of  these  would 
be  returned.  I  think  for  the  present  we  shall  have  to  limit  our 
ambitions  to  the  first  5000  or  6000  metres  (16,000  or  20,000  feet), 
sending  up  instruments  attached  to  balloons,  and  fitting  some  form  of 
time-fuse,  so  that  after  twenty  or  thirty  minutes  the  instruments  would 
be  released.  A  small  balloon  would  be  attached  to  and  fall  with  the 
instruments,  and  would  act  as  a  signal  flag  to  facilitate  recovery. 


DISCUSSION. 

Mr.  C.  J.  P.  Cave  said  that  he  congratulated  Mr.  Keeling  heartily  on  the 
work  he  had  done  in  Egypt.     It  was  a  very  interesting  place  on  account  of  the 
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clearness  of  the  air.  With  regard  to  the  high  ascent  referred  to  by  Mr.  Keeling 
it  was  probable  that  the  balloon  went  through  the  South-west  anti-trade  into 
the  isothermal  zone.  Very  few  observations  had  been  made  of  the  drift  of 
balloons  in  the  isothermal  zone,  and  he  hoped  that  Mr.  Keeling  would  be  able 
to  repeat  observations  at  this  height  Mr.  Cave  said  that  he  noticed  on  some 
of  the  diagrams  that  the  wind  backed  with  increasing  height ;  in  this  country 
it  usually  veers  at  first.  He  was  interested  to  notice  the  decrease  in  velocity 
which  occurred  between  winds  from  different  directions ;  he  had  noticed  the 
same  phenomenon  in  this  country.  He  wished  to  ask  whether  the  vertical  velocity 
varied  much ;  he  himself  had  found  that  the  vertical  velocity  was  variable  when 
the  balloon  was  in  a  bad  position  with  regard  to  the  base  line,  in  othei*  words 
the  apparent  departures  from  a  uniform  ascensional  velocity  were  mainly  due 
to  errors  of  observation. 

Dr.  W.  N.  Shaw  said  that  observations  of  the  upper  air  were  a  very  attractive 
subject,  and  Mr.  Keeling's  presentation  of  the  subject  both  in  his  paper  and 
diagrams  was  excellent.  He  hoped  Mr.  Keeling,  however,  would  not  write  off 
the  surface  winds  as  bad  debts  ;  they  were  extraordinarily  annoying,  but  there 
must  be  something  in  them.  It  would  be  a  great  pity  if  they  were  disregarded 
as  not  being  worth  following.  As  soon  as  they  could  get  a  real  working 
formula  between  the  actual  wind  at  some  level  and  the  pressure  gradient  at 
the  same  level,  they  would  afford  an  interesting  field  for  study  and  investiga- 
tion. He  hoped,  therefore,  that  Mr.  Keeling  would  lose  no  opportunity  of 
pursuing  these  surface  winds  as  far  as  possible.  A  point  of  great  interest 
about  the  results  was,  that  although  very  frequently  the  upper  air  current 
set  from  the  west  or  south-west,  there  were  occasions  when  it  set  from  the 
north ;  that  must  be  a  circumstance  interesting  to  Egypt  and  other  parts  of 
the  world  meteorologically  connected  with  Egypt  He  could  not  account  for 
the  northerly  set  of  the  wind  in  the  upper  air  over  Egypt ;  before  attempting 
an  explanation  it  would  be  necessary  to  know  the  set  of  the  upper  air  at  other 
places. 

Colonel  H.  E.  Hawbon  remarked  that  he  would  ask  Mr.  Keeling  to  bear  in 
mind,  when  he  went  down  south  in  August  and  September,  that  he  would  be 
dealing  with  a  region  in  which  the  equatorial  belt  was  over  him.  When  he 
came  a  little  further  north,  he  would  leave  that  belt  and  get  into  the  edge  of 
the  northern  anticyclonic  belt,  where  the  conditions  of  the  upper  air  were 
different  These  changes  of  wind  appealed  to  two  sections  of  his  audience,  and 
were  very  interesting  to  those  like  himself  who  wished  to  know  more  about  the 
lower  surface  winds,  and  to  those  who  were  less  interested  in  the  surface  than 
in  the  upper  currents.  It  was  important  to  know  what  was  going  on  in  Egypt 
when  the  change  took  place  from  the  anticyclonic  to  the  equatorial  belt  and 
vice  versa,  and  he  welcomed  this  contribution. 

Mr.  E.  S.  Brucb  said  that  he  thought  it  might  be  desirable  to  try  some 
lighter  forms  of  kites  in  Egypt  Some  very  creditable  ascents  had  been  made 
with  light  ones.  The  ordinary  box-kite  was  perhaps  unsurpassed  in  a  stiff 
breeze,  but  on  days  when  there  was  not  enough  wind  for  it,  lighter  forms  of 
kites  had  been  flown  successfully.  Mr.  Salmon's  eighteen-wing  kite  appeared 
to  be  a  good  form  for  light  winds,  and  at  the  kite  display  last  summer  had 
reached  an  altitude  of  about  3000  feet,  though  the  wind  was  very  light. 

Mr.  B.  F.  E.  Keeling,  in  reply,  thanked  the  Fellows  for  the  way  in  which 
they  had  received  his  paper,  and  idso  those  who  had  spoken,  showing  that  work 
was  being  done  which  proved  of  interest  to  meteorologists.  He  wished  it  were 
possible  to  tackle  the  whole  question  of  surface  winds,  but  they  could  devote 
very  little  time  to  this  work,  which  could  only  be  done  in  the  slack  season  in 
Egypt  However,  they  were  making  a  definite  start  in  the  question.  With 
regard  to  Mr.  Cave's  question,  he  found  in  the  lower  strata  that  the  wind  had 
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a  tendency  to  veer,  but  it  backed  as  it  went  into  the  upper  air,  2000  to  3000 
metres  above.  First  there  was  a  veering,  and  then  a  backing.  As  to  the 
changes  of  vertical  velocity,  he  entirely  agreed. 

The  President,  Dr  H.  R.  Mill,  expressed  the  thanks  of  the  Society  to  Mr. 
Keeling  for  his  most  able  exposition  of  his  extremely  interesting  and  capably 
carried  out  investigations  on  the  upper  air.  It  was  the  beginning  of  experiments 
in  the  branch  of  meteorology  which  at  present  occupied  the  chief  place  in  the 
development  of  the  science.  Judging  from  the  activity  of  all  parts  of  the  Survey 
Department,  it  would  almost  seem  that  Egypt  would  once  more  become  the 
scientific  centre  of  the  world,  as  it  was  thousands  of  years  ago. 


Tree  set  on  Fire  by  Lightning. 

A  wych-elm  was  struck  during  a  recent  thunderstorm  in  Morhanger  Park, 
near  Sandy,  Beds.  It  was  set  on  fire,  and  smouldered  for  about  a  fortnight, 
when  it  was  cut  down.  On  being  opened  the  centre  of  the  trunk  was  found  to 
have  been  converted  into  charcoal  and  at  the  bottom  of  the  burnt  part,  where 
a  sort  of  pocket  had  been  formed,  was  found  a  greyish-white  ball  about  six 
inches  or  so  in  diameter.  On  cooling  it  broke  easily.  It  was  naturally  supposed 
to  be  a  thunderbolt,  but  the  lady  of  the  house  told  me  she  was  sure  there  were 
no  such  things.  She  was,  however,  very  much  puzzled  as  to  what  it  could  be, 
and  so  was  I ;  so  I  had  a  piece  analysed  and  found  it  consisted  of  calcium 
carbonate  with  traces  of  magnesium  and  iron.  It  was  therefore  obviously  a 
product  of  the  tree  and  not  of  the  lightning,  and  would  be  formed  by  the  wood 
being  consumed  in  what  was  practically  a  crucible  or  retort 

The  fire  was  confined  to  the  interior  of  the  trunk,  and  there  were  no  marks 
of  damage  on  the  exterior.  It  is  rather  a  rare  thing  for  a  tree  to  be  set  on  fire  by 
lightning,  but  I  have  come  across  several  cases,  and  in  each  have  found  that  the 
injury  has  been  confined  to  the  interior  in  this  way.  It  is  rather  remarkable  that 
a  growing  and  healthy  tree  should  be  set  on  fire,  and  I  do  not  see  how  it  can  be 
accounted  for.  A  highly  resisted  discharge  is  more  likely  to  cause  fire  than  one 
given  a  fairly  easy  path,  but  we  should  not  expect  one  tree  to  be  so  very  much 
more  highly  resisting  than  another. 

A  discharge  often  keeps  to  the  bark,  when  thera  is  generally  only  a  groove 
cut  in  it,  and  the  tree  may  not  be  killed  ;  or  if  it  goes  through  the  body  of  the 
tree,  the  sap  is  turned  into  steam  and  the  tree  is  split  to  pieces  by  the  explosive 
effect  In  the  Morhanger  case  there  appears  to  have  been  no  explosive  effect, 
yet  heat  enough  to  cause  fire. 

I  recently  came  across  a  case  in  which  the  bark  of  a  tree  had  been  almost 
entirely  torn  off,  only  a  narrow  strip  being  left,  and  this  was  loose,  merely  holding 
by  a  few  fibres.  The  trunk  was  left  white,  and  resembled  a  banana  with  the 
peel  turned  back.     This  is  the  first  instance  of  the  kind  that  I  have  seen. 

At  the  house  where  I  was  stopping  last  week-end  in  Suffolk,  I  was  shown 
two  thunderbolts  (1)  that  had  been  found  when  digging  a  well.  The  only 
reason  for  supposing  them  to  be  thunderbolts  was  that  no  other  explanation 
was  available.  I  was  unable  to  say  what  they  were.  They  appeared  to  be  parts 
of  hollow  burnt  clay  balls  very  roughly  fashioned,  and  may  have  been  first  attempts 
of  some  of  our  ancestors  to  make  earthenware  vessels.  Perhaps  this  guess  may 
be  as  wild  as  the  one  that  attributed  them  to  lightning. — Alfred  Hands,  91 
Leadenhall  Street,  RC,  September  11,  1908. 

Meteorological  Investigation  in  Africa. 

According  to  a  message  from  Rome,  Professor  Palazzo,  Director  of  the 
Central  Italian  Bureau  of  Meteorology,  was  to  start  early  in  July  for  Zanzibar 
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in  order  to  take  part  in  an  international  scheme  for  the  study  of  the  monsoon 
winds  on  the  coasts  and  in  the  interior  of  East  Africa.  At  Zanzibar  the  pro- 
fessor will  embark  on  the  torpedo  craiser  Caprera,  from  which  he  will  make  a 
series  of  meteorological  studies,  partly  by  means  of  balloon  ascents  along  the 
coast. 

Simultaneously,  British,  French,  and  German  expeditions  will  proceed  to  the 
sub-tropical  zone  of  the  interior  to  engage  in  similar  operations  there.  The 
most  important  of  these  expeditions  is  undoubtedly  the  German,  which  has  l)een 
organised  under  the  immediate  patronage  of  the  Emperor  William,  His 
Majesty  contributing  60,000  marks  (£2600)  for  the  purpose  of  meteorological 
research  on  the  Victoria  Nyanza ;  and  Professor  Palazzo's  mission  on  the  coast 
will  be  especially  connected  with  the  work  of  this  party. — Scottish  Geoffraphieal 
Magcusine,  August  1908. 

The  Climate  and  Vegetation  of  Panama. 

In  Science  for  March  27  an  abstract  is  given  of  a  paper  by  Dr.  B.  £.  B. 
M'Kenney  on  this  subject.  The  differences  between  the  Atlantic  and  Pacific 
sides  of  the  Republic  are  very  striking.  On  the  Atlantic  side  there  is  no  dis- 
tinct dry  season,  though  less  rain  falls  in  February  and  March  than  in  the  later 
months  of  the  year.  In  the  months  of  our  winter  the  average  temperature  varies 
from  88**  to  92**  or  93%  and  in  our  summer  from  92**  to  96",  the  minimum 
temperatures  being  60**  and  66**  respectively.  In  the  Pacific  province  of 
Chiriqui,  separated  from  the  Atlantic  side  by  the  mountain  backbone,  the 
temperature  range  is  about  the  same,  but  there  is  a  very  distinct  dry  season 
which  lasts  five  or  six  months,  and  during  which  the  vegetation  becomes  parched 
and  dry.  On  the  Atlantic  side,  notably  at  Bocas  del  Toro,  the  region  studied, 
the  vegetation  is  luxuriant,  with  almost  impenetrable  jungles,  mangrove  swamps 
along  the  sea-coast,  and  thickets  of  giant  stemless  palms.  Further  inland  are 
forests  of  palms  and  exogenous  trees,  overgrown  with  aroids  and  other  climbers. 
On  the  Pacific  side,  on  the  other  hand,  there  are  stretches  of  grass  and  sharply 
outlined  patches  of  shrubs,,  agaves,  and  species  of  cactus.  At  Bocas  del  Toro 
bananas  are  now  very  extensively  cultivated. — Scottish  Geographical  Magazine^ 
August  1908. 

Heavy  BainHftU  in  Japan. 

In  the  April  number  of  the  Journal  of  the  Meteorological  Society  of  Japan 
an  account  is  given  of  a  very  heavy  rainfall  that  occurred  in  August  1 907,  and 
continued  for  3  to  7  days  in  dififerent  parts  of  Japan,  and  caused  a  great  amount 
of  damage.  According  to  the  reports,  the  regions  which  had  the  heaviest  rain- 
fall were  :  — 

Western  Japan — 

Tamba  and  Tango  regions  :  13*31  ins.  in  1  day,  and  20*96  in&  in  2  days. 
Eastern  part  of  Kii  Peninsula  :  13*03  ins.  in  1  day  ;  17*64  ins.  in  2  days  ; 

and  20*71  ins.  in  3  days. 
Eastern  part  of  Awa :  8*86  ins.  in  1  day,  and  13*86  ins.  in  2  days. 

Eastern  Japan — 

Western  part  of  Suruga :  14*37  ins.  in  1  day,  and  23*86  ins.  in  2  days. 
Central  part  of  Izu :  19*02  ins.  in  1  day  ;  30*01  ins.  in  2  days ;  and 

39*92  ins.  in  4  days. 
Western  part  of  Musashi :  16*34  ins.  in  1  day;  26*10  ins.  in  2  days; 

30*43  ins.  in  3  days  ;  and  36*71  ins.  in  6  days. 
Vicinity  of  Nikko  and  Ashio  :  7*32  ins.  in  1  day  ;  12*40  ins.  in  2  days  ; 

and  16*61  ins.  in  3  days. 
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BALLOON   EXPERIMENTS  IN  BARBADOS, 
NOVEMBER   6-8,  1907. 

Communicated  by 
PROFESSOR   J.  P.  D'ALBUQUERQUE,    MA. 

[Read  May  20,  1908]. 

[Sir  Daniel  Morris,  Commissioner  of  Agriculture  for  the  West  Indies, 
who,  at  the  suggestion  of  Mr.  C.  J.  P.  Cave,  kindly  undertook  to  arrange 
for  some  balloon  experiments  to  be  carried  out  at  Barbados  on  behalf  of 
the  Edte  Committee,  has  forwarded  the  following  Report  on  the  observa- 
tions made  from  November  6-8,  1907. — Editors]. 

0ns  dozen  small  balloons  and  a  cylinder  of  hydrogen  were  received 
from  the  Secretary  of  the  Royal  Meteorological  Society,  with  instructions 
to  inflate  the  balloons  with  hydrogen  and  observe  their  ascent  with  two 
theodolites.  No  further  instructions  were  received,  and  no  one  was 
available  with  any  actual  experience  of  such  balloon  work.  The  follow- 
ing course  was  pursued : — 

A  Committee,  consisting  of  Mr.  J.  R.  Bo  veil,  F.L.S.,  Superintendent 
Botanic  Station,  and  Meteorological  observer  to  the  Government  of 
Barbados,  Mr.  Geo.  Lingwood,  M.Inst.C.E.,  Engineer  Water-Works 
Department,  Mr.  E.  F.  S.  Bowen,  M.InstCE.,  Superintendent  of  Public 
Works,  and  Professor  J.  P.  dAlbuquerque,  M.A,  Government  Chemist, 
carried  out  the  work,  with  the  help  of  assistants  in  their  departments. 

To  ascertain  a  suitable  inflation  size  for  the  balloons,  a  balloon  was 
inflated  until  it  burst,  and  the  circumference,  45  inches,  noted.  The 
balloons  used  in  the  observed  ascents  were  inflated  to  a  circumference 
of  35  inches  to  allow  for  expansion  on  ascent. 

Three  or  four  balloons  were  expended  in  preliminary  experiments,  and 
as  a  result  on  November  C,  two  stations  were  chosen  (A)  at  Codrington 
and  (B)  at  The  Farm,  a  distance  of  1650  yards  apart.  Each  theodolite 
was  worked  by  three  observers,  one  for  the  telescope  and  one  for  each 
vernier.  By  this  means  it  was  hoped  that  the  telescope  could  be  kept  by 
one  observer  constantly  on  the  balloon,  while  the  other  two  could  make 
**  instantaneous  "  and  simultaneous  readings  at  each  signal  received  from 
the  time-keeper,  without  clamping  the  telescope.  To  each  theodolite 
was  also  attached  an  attendant  to  receive  the  signals.  A  time-keeper 
and  signaller  were  stationed  at  (C)  between  (A)  and  (B).  The  balloon 
assistant  with  a  signalling  attendant  took  up  a  point  about  2  miles  to 
the  north-east  of  (A)  and  (B). 

>KA.  "The  Farm" 

Balloon 
D.  Assistant 
C.  (Time-keeper  station) 
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B.  "Codrington" 
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After  ascertaining  by  pre-arranged  signals  that  all  the  stations  were 
visible  one  to  the  other,  the  balloon  was  released  on  a  signal  from  the 
time-keeper,  and  half-minute  (or  in  one  instance,  minute)  signals  were 
sent  to  the  theodolite  stations  until  the  balloon  was  out  of  sight  of  the 
time-keeper. 

TABLE  I.— BiLLOON  Experiments,  Novembeb  6,  7,  and  8,  1907. 


Date. 

Readings  :— Station  A.  Codrington. 

Readings  :~Station  B. 

Time. 

Last  visible. 

Horizontal. 

Vertical.  .            Remarks. 

Horizontal. 

Vertical. 

Nov.  6 

Morning 

... 

0      / 

0      / 

Not  seen 

Not  seen 

Not  seen 

,,     6 

No.  I,  3-9    p.m. 

... 

... 

Not  seen 

Not  seen 

Not  seen 

n      7 

No.  2,  8.23  a.m. 

275 

2   30 

Not  seen 

8.23i  „ 

256 

18            1 

8.24    „ 

212 

31 

8.24i  „ 

... 

159 

33        J 

8.25    „ 

8.25i„     1        ... 

ii6 

8.26    „ 

8.27  a.m. 

114 

24 

„      7 

No.  3,  2.18  p.m. 
2.i8i„ 

2.19        M 

2.i9i  M 

2.20  „ 
2.20J  „ 

2.21  „ 

2.2li  „ 

2.22  „ 
2.22i  „ 

2.23  „ 
2.23i  „ 

278  30 
289 

276 

277  30 
279 
280 

280  30 
281 

281  30 

281  45 

Not  seen 

Not  seen 

„    8 

No.  4,  9.24  a.m. 

9.25  ,, 

9.26  „ 

9.27  „ 
q.28    „ 

... 

26 

I 

334 

327 

299 

7  30 
23  30 
40 

45 
50 

Not  seen 

Not  seen 

„    8 

No.  s,  2.24  p.m. 

211 

26 

313"      ' 

3f     ' 

2.24i  „ 

... 

245 

37 

296 

3830 

2.25    „ 

251 

35  30 

284   30 

38  30 

2.25i  „ 

254  30 

31  30 

279 

3830 

2.26     „                  ...           1 

253 

30 

273 

37  30 

2.26i  „ 

252 

29  30 

265 

37  30 

2.27      „ 

251  30 

29  30 

259 

3830 

2.274  „ 

2.29 J  p.m. 

251 

29 

252 

3830 

On  the  first  day  neither  theodolite,  and  on  the  second  day,  morning 
and  afternoon,  and  on  the  third  day  in  the  morning,  only  one  of  the 
theodolites  succeeded  in  obtaining  observations.  Difficulties  of  light 
and  clouds,  and  the  small  size  of  the  balloons  for  the  distances  employed, 
prevented  the  other  theodolite  from  either  seeing  or  following  con- 
tinuously the  flight.  For  the  last  ascent  it  was  decided  to  greatly 
diminish  the  distance  of  the  stations  from  each  other,  and  to  let  off  the 
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balloon  at  a  point  midway  between  and  nearly  on  a  line  joining  the 
observation  stations. 


>.B.  Theodolite 

CO 
CO 

1- 

D.  Balloon  assistant 
C.  Time-keeper 

> 

'L.  Theodolite 

On  this  occasion  a  complete  double  set  of  records  was  taken,  and  the 
results  have  been  worked  out  by  Messrs.  Lingwood  and  Bowen,  and  their 
drawings  are  given  in  the  accompanying  figure. 
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The  direction  of  the  wind  was  approximately  East  of  North-east. 

It  is  noted  that  the  rate  of  ascent  of  the  balloon  was  much  greater 
at  higher  elevations  than  near  the  earth. 

Mr.  J.  R  Bovell's  record  of  the  meteorological  observations  at 
Codrington  on  the  dates  of  the  experiments  are  given  in  Table  II. 

To  each  balloon  a  linen  label  was  attached  written  in  English,  French, 
and  Spanish,  asking  for  the  return  of  the  label  with  particulars  of  when 
and  where  found ;  but  none  have  so  far  been  received. 


DISCUSSION. 

Mr.  0.  J.  P.  Cavb  said  that  he  believed  the  reason  the  baUoons  were  lost  on 
these  occasiona  was  because  thej  were  sent  up  to  windward  and  came  over  the 
heads  of  the  observers.  He  imderatood  that  more  hydrogen  was  to  be  sent  out^ 
and  hoped  that  further  observations  would  be  made.  It  was  an  interesting 
locality,  and  he  was  glad  that  the  Society  was  able  to  arrange  for  further 
observations. 


Tiighttiing  and  Oompaases. 

On  15th  June  last,  in  the  vicinity  of  Rottnest  Island,  the  P.  and  0.  steam- 
ship Britannia  (Capt.  S.  Barcham)  was  imder  the  influence  of  a  Westerly 
gale.  The  squalls  were  fierce,  and  the  flashes  of  lightning  seemed  to  be  very 
close,  although  there  was  not  any  thunder  heard.  In  the  special  meteorologicsd 
log-book  kept  by  Captain  Barcham  for  the  Meteorological  Office,  and  also  in 
a  letter,  he  calls  attention  to  the  peculiar  nature  of  the  lightning  experienced. 
The  flash  resembled  that  of  a  rocket  bursting,  and  was  at  first  supposed  to  be 
due  to  a  rocket  night-signal  from  the  lighthouse.  Immediately  after  the  first 
flash  the  steering  and  the  standard  compasses  (Lord  Kelvin  type)  commenced 
to  oscillate  45  degrees  each  way.  The  compasses  were  similarly  aff'ected  on 
the  occasion  of  each  flash,  but  the  needles  came  to  rest  between  the  successive 
flashes.  There  appeared  a  short  note  on  the  back  of  the  Meteorological  Chart 
of  the  North  Atlantic  and  Mediterranean  for  June,  which  gave  several  instances 
of  ships  struck  by  lightning,  on  one  of  which  occasions  the  compasses  of 
the  P.  and  0.  steamship  Victoria  were  afifected.  [This  note  is  supplementary 
to  that  of  the  June  issue  on  ships  struck  by  lightning.^] — Monthly  Meteorological 
Charts  of  the  North  Atlantic  and  MediJterranmn^  September  1908. 

Australian  Oommonwealth  Bureau  of  Meteorology,  Melbourne. 

This  Bureau,  which  has  recently  been  inaugurated  by  the  Commonwealth 
(Government  at  Melbourne,  and  is  under  the  direction  of  Mr.  H.  A.  Hunt^  late 
of  the  Sydney  Observatory,  has  got  to  work.  Mr.  Hunt  not  only  issues  the 
Daily  Weather  Chart  of  Australasia^  which  was  commenced  on  January  1, 
1908,  and  is  the  first  example  of  one  office  issuing  a  daily  map  which  gives 
the  weather  conditions  for  a  whole  continent,  but  he  has  also  commenced  the 
publication  of  a  series  of  BulletinSj  of  which  the  first  two  are  to  hand.  No.  1 
deals  with  **The  Climate  and  Meteorology  of  Australia,"  and  No.  2,  "The 
Rainfall  Map  of  the  Commonwealth  of  Australia." 

Rainfall  Map  of  Australia. 

The  Commonwealth  Bureau  of  Meteorology  has  published  a  Rainfall  Map 
of  Australia,  which  has  been  compiled  from  observations  taken  during  the 

^  See  Quarterly  Journal,  p.  188. 
U 
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decade  ending  1906.  This  period  has  been  adopted  to  enable  an  equitable 
comparison  to  be  made  with  the  records  taken  in  the  inland  district  of  Western 
Australia,  and  in  other  parts  of  the  interior  where  the  figures  are  only  available 
for  a  period  not  longer  than  ten  years. 

The  records  from  nearly  700  stations  hare  been  used  in  the  compilation  of 
the  map.  The  period  dealt  with  has  been  an  unusually  dry  one,  especially  over 
the  northern  and  eastern  parts,  so  that  the  averages  given  on  the  map  in  the 
earlier  settled  parts  of  the  continent  are  much  below  what  may  be  considered 
an  approximation  to  the  true  means.  In  the  letterpress  which  accompanies 
the  map  a  table  is  given,  showing  the  average  for  all  the  years  available,  together 
with  the  ten  years'  average  for  168  stations  which  have  averages  varying  from 
67  years  downwards.  A  casual  glance  at  the  map  shows  that  the  heaviest  rain- 
fall is  over  the  northern  and  eastern  parts  of  the  continent ;  but  while  this  is  so, 
the  most  reliable,  although  lighter  rains,  are  experienced  over  the  south-western 
and  south-eastern  portions,  including  Tasmania.  The  driest  part  of  Australia — 
that  which  receives  a  rainfall  of  10  ins.  and  under — comprises  an  area  which 
equals  nearly  one-third  of  the  Commonwealth,  and  includes  the  central  territory 
of  South  Australia,  the  extreme  western  parts  of  New  South  Wales,  the  south- 
western parts  of  Queensland,  and  the  south-west,  central,  and  part  of  the  north- 
west portion  of  Western  Australia.  One  million  and  eighty  thousand  square 
miles  of  the  country,  or  over  one-third  of  the  continent,  receives  an  average  of 
from  10  to  20  ins.;  and  the  remaining  third  enjoys  abundant  rain,  ranging  from 
20  to  130  ins.  per  annum.  The  wettest  part  of  the  Commonwealth  is  situated 
about  the  Johnston  River,  on  the  north-east  coast  of  Queensland,  and  on  the 
west  coast  of  Tasmania.  The  highest  annual  average  recorded  is  130  ins.  at 
Geraldton,  in  the  first-named  state,  and  114  ins.  at  Queenstown,  in  the  second- 
named  state.  Sixty  inches  and  over  are  annually  recorded  from  several  portions 
of  the  Queensland  and  New  South  Wales  coasts,  and  also  on  the  Southern  Alps, 
on  the  border  of  New  South  Wales  and  Victoria.  The  smallest  average  annual 
rainfall  in  the  Commonwealth  is  3*8  Ins.,  which  occurred  over  a  comparatively 
small  area  of  country  in  the  centre  of  the  continent  to  the  north  of  Lake  Eyre, 

International  Geographical  Oongress  at  (Geneva. 

The  Ninth  International  Geographical  Congress  was  held  at  Geneva  from 
July  27  to  August  9.  One  of  the  Sections  was  devoted  to  Meteorology, 
Climatology,  and  Terrestrial  Magnetism,  the  President  of  this  section  being 
Prof.  Hellmann,  of  Berlin,  and  the  Secretary,  Dr.  Alfred  de  Quervain,  Zurich. 
Various  Reports  were  presented  to  the  Section,  and  M.  Maurer,  the  Director  of 
the  Central  Meteorological  Institute  of  Zurich,  exhibited  a  new  Rainfall  Map  of 
Switzerland,  which  completed  that  of  the  late  M.  Bilwiller  published  in  1893. 
A  report  was  also  presented  on  the  work  published  by  the  Geographical  Society 
of  Portugal,  entitled  <*  Elements  of  Nautical  Meteorology."  Prof.  Hellmann 
described  a  new  method  of  determining  the  average  rainfall  of  a  district,  and  Dr. 
Polis  of  Aix-la-Chapelle  spoke  of  weather-forecasting  and  the  use  of  wireless 
telegrams.  Prof.  E^ner  described  the  uses  of  his  Meteorological  Globes,  and 
Prof.  Gautier  read  a  paper  on  the  climatology  of  the  Grand  St  Bernard. 
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OBSERVATIONS   ON  THE  COLOUR  OF  LIGHTNING 
MADE  AT   EPSOM,  1903   TO    1907. 

By  spencer  C.  RUSSELL,  F.RMetSoc. 

[Read  May  20,  1908.] 

In  the  year  1903  I  commenced  a  series  of  observations  on  the  colour  of 
lightning,  and  as  these  observations  have  now  extended  over  a  period  of 
five  years,  I  propose  to  lay  the  results  before  the  Society.  The  great 
majority  of  the  records  have  been  made  from  Epsom  Downs  (450  feet 
above  sea-level),  where  a  practically  clear  horizon  is  obtainable  in  every 
direction,  and  the  site  is  a  very  favourable  one  for  viewing  the  reflection 
of  lightning  occasioned  by  storms  in  the  Channel  or  neighbourhood  of 
the  coast  There  is  also  a  complete  absence  of  artificial  light,  which  is  a 
sine  qua  non  for  carrying  out  observations  on  which  a  question  of  colour 
depends.  My  method  of  observation  has  been  to  keep  a  record  of  the 
colour  or  series  of  colours  noted  during  each  thunderstorm  or  display  of 
sheet  lightning,  as  the  case  may  be,  and  to  tabulate  them  under  their 
respective  colour,  month,  and  year.  The  tables  do  not  show  the  relative 
frequency  of  any  particular  colour  or  colours,  only  that  particular  colours 
or  a  single  colour  were  noted  during  a  storm  or  display  of  sheet  lightning. 
My  original  intention  was  to  endeavour  to  keep  a  record  of  the  relative 
frequency  of  a  particular  colour,  but  very  short  experience  showed  me 
that  it  would  be  impossible  to  deal  with  every  observation  on  such  a 
footing.  The  term  "  fork  lightning  "  must  be  understood  as  referring  to 
observations  of  the  direct  flashes  occurring  during  a  thunderstorm,  whilst 
that  of  "sheet  lightning"  includes  either  observations  of  light  flashes 
taking  place  in  the  neighbourhood  of  the  horizon,  the  reflection  of 
lightning  at  a  considerable  distance,  or  the  illumination  of  a  cloud  or 
clouds  by  a  glow  discharge,  the  direct  flash  being  invisible. 

After  some  consideration  it  was  decided  to  tabulate  the  records  into 
eight  divisions  of  colour,  those  selected  being  red,  blue,  violet,  orange, 
golden,  yellow,  white,  and  green.  Even  under  this  limited  nomenclature 
considerable  difficulty  was  experienced  at  times,  more  especially  when 
dealing  with  those  storms  occurring  during  the  daylight  hours,  in 
distinguishing  between  blue  and  violet,  and  golden  and  yellow,  the 
general  tendency  of  these  pairs  of  colours  being  to  grade  into  one 
another  almost  imperceptibly.  Dealing  with  the  results  obtained  of 
fork  lightning,  during  fifty-seven  storms  (Table  I.),  these  resolve  them- 
selves into  fifteen  sets  of  observations. 

Red  alone  occurred  nine  times  during  the  period,  followed  by  red 
and  blue  eighty  and  blue  alone  seven.  Red  and  blue  in  combination 
with  other  colours  occurred  fourteen  times,  whilst  red  combined  with 
colours  other  than  blue  was  seen  six,  and  blue  in  combination  with 
colours  other  than  red  once.  White  and  yellow  were  also  observed  alone 
on  two  occasions  respectively,  all  the  others  occurring  in  combination. 
The  greatest  number  of  colours  seen  during  a  single  storm  amounted  to 
seven,  these  being  red,  blue,  violet,  orange,  yellow,  white,  and  green, 
taking  place  on  three  occasions. 
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Cyclonic  thunderstorms  of  the  winter  months  are  accompanied  by 
lightning  either  red  or  blue  in  colour,  or  in  combination. 

TABLE  I.— Combination  of  Coloues  (Fokk  and  Sheet  Liohtnino)  and 
Number  of  Times  observed  during  1903-07. 
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The  observations  of  sheet  lightning,  amounting  to  seventy- eight 
(Table  I.),  divide  themselves  into  sixteen  sets  of  observations,  red, 
yellow,  and  white  alone  being  seen  nine  times  each,  violet  seven,  golden 
six,  and  blue  and  orange  five.  In  sheet  lightning  green  was  the  only 
colour  that  was  not  observed  alone ;  the  remainder  of  the  observations,  a« 
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will  appear  from  the  table,  were  made  up  of  colours  in  combination.    The 
maximum  combination  of  sheet  lightning  colours  has  not  exceeded  three. 

The  greatest  contrast  arising  from  a  comparison  of  the  two  portions 
of  the  table  is  the  frequency  of  sheet  lightning  to  be  of  a  single  colour : 
out  of  the  eight  colours  seven  occurred  separately,  whereas  in  fork 
lightning  only  four  colours  were  noticed  as  occurring  singly.  The 
marked  predominance  of  red  and  blue,  as  disclosed  by  the  observations 
of  fork  lightning,  is  not  borne  out  in  anything  like  the  same  degree  in 
sheet  lightning,  the  tendency  of  the  latter  being  for  a  more  equal 
distribution  of  colour. 

In  the  severe  thunderstorm  of  May  31,  1903,  the  commencement, 
and,  in  fact>  the  greater  part  of  the  storm  was  marked  by  a  predominance 
of  red,  blue,  and  violet  colours,  which,  as  the  storm  progressed  towards 
its  end,  tended  to  fade  away  into  golden  and  white. 

The  thunderstorm  of  April  13,  1904,  occurred  during  the  hours  of 
darkness,  and  was  therefore  favourable  for  observations;  the  colours 
during  the  latter  part  of  the  storm  again  faded  away  to  golden,  yellow, 
and  white. 

A  very  severe  thunderstorm  occurred  in  the  neighbourhood  of  the 
Thames  Valley  on  May  8,  190^.  As  seen  from  Epsom  it  was  situated 
to  the  westward.  The  storm  was  of  considerable  duration  with  a  brilliant 
display  of  lightning,  no  less  than  seven  colours  being  noted  It  may  be 
described  as  a  white  and  yellow  storm,  these  two  colours  being  the 
markedly  prevalent  ones,  the  distribution  of  red,  blue,  and  violet 
occurring  during  the  middle  period  of  the  storm. 

The  Guildford  storm  of  August  2,  1906,  was  a  distinctly  blue  and 
red  one  during  the  greater  part  of  its  continuance.  The  storm  occurred 
at  a  considerable  height,  and  to  that  fact,  and  to  the  prevalence  of  moon- 
light during  the  greater  portion  of  the  storm  exercising  an  influence  on 
the  lighter  colours,  I  attribute  the  excessive  frequency  of  blue  and  red. 
During  the  latter  part  of  the  storm  there  was  again  a  fading  away  to 
golden  and  white.  It  is  somewhat  difficult  to  generalise  on  the  results 
obtained  from  these  four  storms,  but  the  tendency  is  for  the  beginning 
and  middle  period  to  be  associated  with  the  more  brilliant  colours,  while 
towards  the  end  there  is  a  fading  away,  and  change  both  of  colour  and 
intensity.  This  may  be  in  a  great  measure  attributable  to  the  increasing 
distance  of  the  lightning. 

A  summary  of  the  relative  frequency  of  colour  during  the  four  storms 
as  given  in  Table  II.  discloses  the  fact  that  the  colours  follow  exactly  the 
same  order  as  those  of  fork  lightning  as  deduced  from  the  yearly  tables. 
I  believe  that  this  is  only  a  coincidence  which  would  probably  disappear 
if  more  individual  storms  had  been  treated  with  regard  to  relative 
frequency  of  colour. 

TABLE  II.^CoLOUB  of  Fobk  Liohtnino  in  Obdbb  of  Relativb  Fbkquency  as 
Dbducxd  fbom  Obsxbvations  of  ths  THTrNDEBBTOBMs  ON  Mat  81,  1903; 
Apbil  13,  1904 ;  Mat  8,  1906 ;  and  August  2,  1906. 


Re<L 

Blue. 

White 

Golden. 

Violet. 

Yellow. 

Orange. 

Green. 

no 

100 

91 

71 

63 

57 

26 

12 
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Caiise  of  the  Colour  of  Lightning, — The  various  colours  which  lightning 
affects  appear  to  depend  upon  the  following  circumstances: — (1)  The 
height  of  the  storm ;  (2)  The  electrical  energy ;  (3)  The  density  of  the 
air ;  (4)  The  moisture  of  the  air ;  (5)  Substances  suspended  in  the  air ; 
and  (6)  The  distance  of  the  flash  from  the  place  of  observation. 

The  green  flashes,  although  of  very  infrequent  occurrence,  apparently 
take  place  at  the  greatest  height,  being  followed  by  blue  and  violet,  as 
these  three  colours  are  frequently  noticed  playing  over  and  above  the 
others. 

It  would  seem  that  the  presence  of  hail,  when  occurring  in  association 
with  a  thunderstorm,  is  intimately  connected  with  blue  lightning.  I 
have  tabulated  the  storms  during  which  hail  occurred  during  the  five 
years,  together  with  the  colour  of  the  lightning  seen  (Table  IIL),  from 
which  it  will  be  noticed  that  on  five  occasions  red  and  blue  in  combina- 
tion occurred  alone,  blue  on  three  alone,  and  varying  colours  on  two,  of 
which  on  one  red  and  blue,  and  on  the  other  blue,  entered  into  the 
composition. 


TABLE  in. 

— THUNDBRaTORMS  ACOOMPANIEE 

BY  Ha 

iL,  1909 

TO  1907. 

Datb. 

Red. 

Blue.        Violet. 

Orange. 

Golden. 

Yellow. 

White.   1   Green. 

1 

May  30,  1903     . 

R 

B 

j 

March  29,  1904  . 

R 

B       ,       ... 

! 

„      30,  1904  . 

B      1      ... 

1 

M       15,  190S  . 

B      '      ... 

...    1    .. 

January  9,  1906 . 
February  8,  1906 

R 

B      1      ... 

R 

B 

April  22,  1906    . 

B 

' 

August  2,  1906  . 

R 

B            V 

6 

G 

W     1     .. 

„      6,  1907  . 

B            V 

G 

Y 

w 

Gr 

„     u,  1907  . 

R 

B 

... 

Bain  has  considerable  influence  on  the  colours :  before  its  commence- 
ment the  brightness  of  the  colours  is  much  intensified ;  falling  rain  causes 
considerable  diminution  of  colour,  and  even  after  cessation  the  colours  do 
not  brighten  up  in  any  marked  degree.  A  partially  cloudy  sky  is  very 
much  better  for  gathering  the  variability  of  colour  than  a  completely  over- 
cast one.  Artificial  illumination  exercises  in  a  marked  degree  an  effect 
on  colour.  Observations  made  under  these  circumstances  show  that  red 
and  orange  are  to  all  intents  and  purposes  incapable  of  separation,  the 
latter  colour  grading  into  the  former,  whilst  the  distinction  of  golden  and 
yellow  is  impossible ;  at  the  same  time  it  does  not  appear  to  exercise  any 
effect  on  the  distinction  of  blue  and  violet,  this  latter  being  in  exact 
opposition  to  that  experienced  during  the  daylight  hours. 

During  warm  weather  showers  at  night  are  often  accompanied  by  a 
form  of  sheet  lightning  occurring  above  the  shower  cloud.  I  have  fre- 
quently traced  these  showers  with  lightning  from  south-west  to  north-east ; 
the  light  displayed  is  very  feeble,  amounting  at  times  to  little  more  than 
a  glimmer,  the  colour  varying  from  silvery  grey  to  straw.  To  avoid 
duplication  these  colours  have  been  entered  as  white  and  yellow  respect- 
ively. I  mention  this  observation  as  showing  in  some  small  degree  the 
difficulty  that  arises  at  times  as  to  under  what  description  a  colour  shall 


Digitized  by 


Google 


RUSSELL— COLOUR  OF  LIGHTNING 


275 


be  entered.  The  obseryations  I  have  obtained  on  the  variation  of  colour, 
with  the  distance  of  the  flash  from  the  place  of  observation,  point  to  the 
fact  that  distant  storms  are  accompanied  by  lightning  the  prevailing 
colour  of  which  is  of  a  light  hue. 

On  many  occasions  an  apparent  connection  was  noted  to  exist  between 
the  colour  of  the  lightning  and  the  subsequent  thunder.  Bed  is  followed 
by  thunder  of  a  long  rolling  nature ;  blue  by  thunder  in  peals,  varying 
both  in  intensity  and  duration  of  sound ;  white  by  thunder  as  nearly  as 
possible  resembling  the  rapid  discharge  of  ordnance ;  whilst  violet  and 
green  are  followed  by  the  most  intense  discharge  of  all. 


TABLE  IV.— CoLouK  of  Fork  Lightning 

IN  Obdeb 

OF  OCCTJBRBNCE. 

Red. 

Blue. 

White.        Golden. 

Violet. 

,    Yellow. 

Orange. 

Green. 

37      I      30 

25        j        21 

14 

14      1        7 

4 

The  observations  of  fork  lightning  (Table  IV.)  show  red  to  be  of  the 
most  frequent  occurrence,  followed  closely  by  blue ;  the  colours  thence 
descend  in  fairly  regular  order  to  orange  and  green.  White  is  of  the 
greatest  frequence  in  sheet  lightning  (Table  V.),  red  and  yellow  being 
equal.  Blue  descends  to  a  somewhat  low  place  on  the  list^  being  fifth  as 
compared  with  fork  lightning ;  orange  and  green  change  places. 


TABLE  v.— Ck)LOUB  of  Sheet  Lightning  in  Obdeb 

OF  Oocubbenoe. 

White. 

Red. 

Yellow. 

Golden. 

Blue. 

Violet. 

Green. 

Orange. 

26 

17 

17 

IS 

14 

II 

7 

6 

A  combination  of  the  two  sets  of  observations  still  leaves  red  at  the 
head  of  the  list  (Table  VI.),  followed  very  closely  by  white,  and  blue 
third  in  order.     Golden  appears  fourth  in  all  three  tables. 

TABLE  VI.— Colour  of  Fork  and  Sheet  Lightning  Combined  in  Obdeb 

OF  Ooctjbbence. 


Red. 

White. 

Blue.      1   Golden. 

Yellow. 

Violet. 

Orange. 

Green. 

54 

51 

44 

36 

31 

25 

13 

11 

DISCUSSION. 

Mr.  J.  A.  Curtis  asked  if  any  particular  method  was  adopted  for  determin- 
ing  the  colour  of  the  lightning.  He  wished  to  congratulate  Mr.  Russell  upon  his 
energy  and  perseverance  in  taking  the  observations. 

Mr.  W.  W.  Brtant  enquired  what  effect,  if  any,  Mr.  Russell  had  noticed  due 
to  the  frequency  of  the  discharge.  One  would  expect  for  physiological  reasons 
that  with  two  flashesroccurring  at  a  very  short  interval,  the  second  would  be  of 
the  complementary  colour  to  that  of  the  other.  Storms  with  frequent  flashes 
would  in  this  way  tend  to  come  under  Mr.  Russell's  red  and  blue  class  of 
lightning. 
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Mr.  W.  Mahriott  said  that  the  subject  of  lightning  was  a  very  fascinating 
one.  In  1888  the  late  Mr.  Symons  read  a  paper  on  the  '*  Results  of  an  Investiga- 
tion of  the  Phenomena  of  English  Thunderstorms,"  which  he  had  carried  out 
during  the  years  1857-59.  It  was  one  of  his  earliest  papers,  and  he  had  begun 
by  collecting  observations  of  thuuderstorms  and  discussing  the  frequency,  the 
damage  done,  and  the  colour  of  the  lightning.  The  following  extract  gave  a 
very  interesting  summary  of  the  results  with  regard  to  the  colour  of  lightning : — 

"I  may  perhaps,  before  stating  the  results  obtained,  explain  that  I  have 
been  obliged  either' to  reject  or  reduce  to  some  of  the  primary  colours  the  terms 
employed  by  some  of  the  observers,  such  as  '  like  sulphur  flame,'  *  like  a  burning 
rope,'  '  mauve,'  etc.  On  separating  the  records  into  the  two  classes  of  sheet  and 
forked  lightning,  I  find  that,  in  sheet  lightning  the  most  prevalent  colour  is 
white,  then  yellow,  blue,  and  red  ;  in  forked  lightning,  however,  the  order 
is  nearly  reversed,  blue  being  more  than  twice  as  frequent  as  any  other  colour, 
then  red,  white,  and  most  rarely  yellow.  Blue  (or  violet)  is  by  far  the  most 
frequently  recorded  colour.  In  every  case  but  two  where  I  have  received 
communications  from  persons  who  have  been  themselves,  or  whose  houses  have 
been,  struck  by  lightning,  and  the  colour  has  been  mentioned,  it  has  been  stated 
to  be  blue  or  violet  The  exceptions  were  red  at  Ryther  School,  and  yellowish - 
white  with  a  tinge  of  blue  at  Wibsey,  near  Bradford.  Sheet  lightning  is  seen 
about  twice  as  often  as  forked." 

Mr.  Marriott  said  that  the  Society  took  up  the  investigation  of  thunderstorms 
in  the  years  1888-1889,  and  one  of  the  questions  on  the  form  for  the  observers 
to  fill  up  was  that  of  the  colour  of  the  lightnings.  He  had  not  time  to  go  into 
all  the  phases  of  thunderstorms,  and  had  not  been  able  to  take  up  the  question. 
However,  should  any  one  wish  to  continue  the  subject,  there  was  much  interesting 
information  available,  which  might  be  of  assistance. 

Colonel  H.  K  Rawson  said  that  considering  the  subject  from  a  purely 
scientific  point  of  view,  perhaps  Mr.  Russell  would  like  to  know  of  a  very  curious 
incident  during  a  thunderstorm  in  South  Africa.  There  was  such  a  charged 
electrical  atmosphere,  that  though  the  storm  was  only  visible  on  the  horizon, 
the  covering  of  the  electric  wires  in  his  house  had  become  a  conductor,  that  is 
to  say,  the  insulation  round  the  wires  became  a  conductor,  and  the  current  from 
the  town  circuit  sparked  across  from  one  wire  to  the  other,  causing  the  fall  of  a 
pendant  The  insulation  was  the  ordinary  silk  covering.  Probably  such  a 
condition  of  the  atmosphere  affects  the  colour  of  a  flash,  just  as  moisture  in  the 
lower  levels  affects  the  colours  at  sunset  The  above  incident  was  not  an 
uncommon  one  during  a  distant  thunderstorm,  and  he  had  investigated  another 
case  which  could  only  be  explained  in  the  same  way. 

The  President,  Dr.  H.  R.  Mill,  said  the  paper  was  interesting  in  showing 
the  results  of  observations  made  without  the  use  of  instruments.  His  own 
attitude  was  more  inclined  towards  questioning  rather  than  commenting. 
There  was  one  suggestion,  however,  he  would  like  to  make,  and  that  was  that 
if  possible  observations  of  lightning  flashes  should  be  made  with  a  spectroscope 
to  show  whether  the  changes  in  colour  were  due  to  the  physiological  effect 
referred  to  by  Mr.  Bryant,  or  if  they  had  a  real  basis.  Where  a  disruptive 
discharge  took  place,  the  substances  in  the  air  must  necessarily  determine  the 
colour  of  the  flash. 

Mr.  S.  C.  Russell,  in  reply,  said  that  as  r^ards  Mr.  Ourtis's  enquiry  as  to 
colour,  this  had  been  settled  by  his  own  judgment  Colonel  Rawson's  descrip- 
tion of  the  phenomena  he  had  witnessed,  he  (Mr.  Russell)  would  call  an  instance 
of  electrical  energy. 
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AN  ELEMENTARY  EXPLANATION  OF  CORRELATION: 
ILLUSTRATED  BY  RAINFALL  AND  DEPTH  OF  WATER 
IN  A   WELL. 

By  R.  H.  HOOKER,  MA.,  F.R.MetSoc.,  F.S.S. 

[Read  June  17,  1908.] 

I  AM  desirous  in  the  present  paper  of  calling  attention  to  recent  methods 
of  dealing  with  statistics,  and  more  particularly  with  the  process  of 
correlation,  and  to  illustrate,  by  working  out  a  special  example,  what 
results  can  be  obtained.  This  paper  is  therefore  to  be  regarded  rather  as 
an  explanation  of  the  method  than  as  a  rigorous  procedure  to  be  followed 
in  every  case.  The  procedure  appropriate  to  each  particular  problem 
requires  to  be  carefully  considered,  and  we  must  in  each  case  try  to  form 
a  clear  idea  of  exactly  what  we  are  comparing  or  correlating,  and  whether, 
in  fact,  correlation  will  give  the  answer  sought.  To  do  this  requires  a 
more  intimate  acquaintance  with  the  science  of  statistics  than  can  be 
condensed  into  the  following  few  pages.  But  I  want  to  enable  all  who 
read  these  remarks  to  appreciate  the  value  of  the  method,  so  that  they 
may  give  credence  to  facts  ascertained  by  experts,  even  although  they 
may  not  themselves  follow  the  whole  of  their  work ;  and  also,  perhaps, 
persuade  some  to  study  the  subject.^  This  is  my  own  position :  I  am  not 
enough  of  a  mathematician  to  do  more  than  work  out  a  few  problems ; 
and  it  occurred  to  me  therefore  that,  being  on  the  same  plane  as  so  many 
others,  I  might  possibly  make  myself  understood  better  than  would  a 
scientist.  I  have  so  often  myself,  when  introduced  to  a  new  subject, 
asked:  "What  is  the  good  of  it  1 "  that  I  have  felt  emboldened  to  attempt 
to  make  others  understand  what  is  the  good  of  correlation. 

For  the  purpose  of  the  present  paper,  I  propose  to  regard  the  cor- 
relation  coefficient  as  a  "  measure  of  the  resemblance  of  two  sets  of  observa- 
tions," and  as  a  corollary,  as  a  measure  of  the  dependence  of  one 
phenomenon  upon  another. 

Consider,  for  instance,  the  diagram  (Fig.  1)  which  is  of  a  very 
common  form.  In  this  the  measurements  made  of  the  rainfall  (expressed 
as  differences  from  the  average)  during  a  particular  period  in  successive 
years  are  plotted  at  certain  regular  intervals,  and  all  the  points  joined  by 
straight  lines ;  the  measurements  made  of  the  depth  of  water  in  a  well, 
with  which  we  wish  to  compare  the  rainfall,  are  also  similarly  plotted  in 
such  a  way  that  the  measurements  of  the  same  year  fall  on  the  same 
vertical  line. 

It  is  clear  that  in  this  example  there  is  considerable  resemblance 
between  the  two  "  curves  "  thus  drawn  :  ie,  in  many  cases  a  rise  in  the 
full  line  is  accompanied  by  a  rise  in  the  dotted  line,  and  a  fall  in  the  one 
is  generally  accompanied  by  a  fall  in  the  other.  If  this  only  occasionally 
happened,  we  should  say  that  the  coincidence  of  a  rise  in  both  curves 
was  accidental,  but  in  this  case  the  correspondences  are  so  numerous  that 
we  say  there  is  evidently  a  connection  between  the  two  curves. 

^  Those  who  wiah  to  study  correlation  will  find  snitable  introductions  in  Elements  qf 
SUUisiies,  by  A.  L  Bowley  ;  or  **0n  the  Theory  of  Correlation,"  by  G.  U.  Yule  {Journal 
qfthe  Royal  SUUtstical  Society,  Dec.  1897). 
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The  mere  enumeration  of  several  coincidences,  or  their  mere  exhibition 
on  a  diagram,  however,  is  not  by  any  means  a  satisfactory  proof  of 
connection ;  and  what  is  wanted  is  a  reliable  test  of  whether  the  co- 
incidences are  due  to  the  one  phenomenon  acting  upon  the  other,  or 
whether  they  are  simply  accidental.  Such  a  test  is  provided  by  the 
method  of  correlation,  which  will,  moreover,  give  a  useful  measure  of 
the  degree  of  connection  between  any  two  such  curves. 

Before  we  can  ascertain  if  the  variations  of  one  phenomenon  are  due 
to  those  of  another,  we  must  first  know  what  is  the  ordinary  measure- 
ment we  should  expect  to  find  if  the  second  phenomenon  were  not 
variable ;   and  we  must  also  know  how  far  the  measurements  are  apt 
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Fig.  1. 


to  vary  naturally  from  chance  causes.  The  leaves  on  a  particular  tree, 
for  instance,  are  not  all  of  the  same  size.  If  we  are  given  several  large 
leaves,  we  cannot  say  off-hand  that  they  are  due  to,  say,  a  heavy  rainfall 
having  produced  very  large  leaves  on  the  trees ;  we  must  know  first  what 
is  the  size  of  an  ordinary  leaf  on  most  trees  of  the  same  species,  and 
secondly  whether  the  leaves  on  an  ordinary  tree  are  so  variable  that  the 
particular  size,  although  large,  is  still  fairly  common.  When  we  are 
satisfied  that  the  leaves  are  bigger  than  usual,  and  also  so  large  as  to 
be  out  of  the  common,  we  suspect  a  particular  cause ;  but  before  we 
are  satisfied  that  a  heavy  rainfall  is  that  particular  cause,  we  must  know 
whether  the  rainfall  vxia  heavy.  We  must  find  out  also  whether  it  was 
exceptional,  or  whether  similar  rainfalls  have  occurred  before  without 
producing  large  leaves ;  in  the  latter  case  we  should  say  at  once  that  it 
was  a  mere  coincidence,  and  search  for  some  other  cause. 

Therefore,  before  we  can  compare  corresponding  observations  of  two 
particular  objects  or  phenomena,  we  must  have  some  measure  of  their 
ordinary  size ;  and  also  some  measure  of  their  natural  variability,  i.6.  of 
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their  deviations  from  that  ordinary  size.  In  the  first  place,  consequently, 
I  must  explain  two  terms,  viz.  (1)  averagcj  and  (2)  standard  deviation. 

The  best  way  of  giving  people  some  notion  of  the  size  of  a  number  of 
objects,  or  measurements,  is  of  course  to  show  them  the  whole  collection. 
But  this  is  frequently  impracticable  or  inconvenient,  and  w<b  therefore 
mention  one  particular  size  which  will  give  the  best  idea  we  can  of 
the  whole  collection.  Such  a  representative  number  may  be  termed  an 
average.  The  average  most  commonly  used  is  that  obtained  by  adding 
together  all  the  measurements,  and  dividing  the  total  by  the  number 
of  measurements.  We  might  say,  for  instance,  that  the  average  size  of 
a  cherry  is  half  an  inch  in  diameter.  By  this  we  do  not  mean  that  every 
cherry  is  half  an  inch  in  diameter ;  but  that,  if  a  large  number  are  taken, 
half  an  inch  gives  a  fair  idea  of  most  of  them,  and  we  can,  for  example, 
form  a  very  good  notion  of  the  space  necessary  to  store  a  given  quantity. 
Similarly,  if  we  say  that  the  average  rainfall  in  April  at  a  certain  place 
is  2*5  ins.,  we  do  not  mean  that  the  rainfall  every  April  will  be  2*5  ins., 
but  that  during  the  past  fifty  years  the  total  rain  that  has  fallen  in  April 
was  125  inches. 

We  must  now  lay  down  a  formula  for  the  average.  Let  Xj  stand  for 
one  particular  measurement  of  the  phenomenon  or  object,  and  X^  Xg, 
.  .  .  Xn  stand  for  the  other  measurements,  there  being  n  measurements 
in  all.  Then,  for  convenience  we  may  say  that  X  is  a  variable  amount 
representing  any  one  of  the  measurements.  If,  for  instance,  we  are 
considering  April  rainfall,  X  is  a  symbol  which  stands  for  "April 
rainfall  of  any  year.'*_  The  formula  for  the  average  may  be  written 


Xi  +  X84-X,+  .  .  .  4-Xn  ,      ^,      .      2X 


\        ,  or  more  shortly  *  =  — ,  where  the  Greek  capital 

letter  S  stands  for  "sum  of  all  the  quantities  denoted  by"  X.  The 
quantity  x  is  more  strictly  called  the  arithmetic  average,  or  arithmetic  mean, 
frequently  abbreviated  to  "average"  or  "mean"  simply.  There  are 
certain  other  useful  representative  "  averages,"  among  which  the  following 
may  be  mentioned :  (1)  the  median.  This  is  possibly  the  simplest  of  all ; 
it  is  obtained  by  ranging  all  the  measurements  in  order,  the  smallest  at 
one  end,  and  the  greatest  at  the  other,  and  picking  out  the  middle  value. 
If  there  are  2^-1  measurements,  X^,  Xg  .  .  .  X2n-i>  the  median  is  Xn', 
or  if  there  be  an  even  number  of  observations  (2„)  it  is  -"  ^  **^^     Its 

chief  interest  is  that  there  are  just  as  many  measurements  above  as  below 
it,  and  it  may  be  conveniently  quoted  in  cases  where  it  is  desired  to  know 
the  quantity  above  or  below  which  values  are  equally  likely  to  occur. 

(2)  The  mode  is  perhaps  the  most  truly  representative  average  of  all, 
and  is  the  measurement  which  is  likely  to  occur  most  frequently:  its 
calculation  is,  however,  difficult.  If  all  the  n  measurements  be  arranged 
in  order,  it  will  be  found  tliat  many  values  occur  frequently ;  a  particular 
value  p,  for  instance,  will  occur  q  times.  An  arrangement  showing  how 
often  each  value  occurs  is  termed  a  frequency  distribtUion,  and  a  certain 
value  will  be  found  for  which  ^  is  a  maximum ;  this  value  will  usually  be 
quite  near  the  mode.  If  the  number  of  observations,  instead  of  being  a 
limited  number  n,  be  supposed  increased  indefinitely,  we  obtain  a  theoretical 
frequency  distribution,  and  the  most  frequent  value  of  this  theoretical 
distribution  is  called  the  mode.  It  is  in  fact  the  theoretically  most 
frequent  value,  and  not  merely  the  value  actually  occiuring  most  often 
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in  the  more  or  less  limited  number  of  observations  at  our  disposal.  The 
word  is  derived  from  the  French  *'  mode  "  =  fashion,  and  represents  the 
most  fashionable  value.  Various  elementary  methods  of  finding  an 
approximation  to  the  mode  are  given  in  textbooks. 

The  different  advantages  of  the  three  above-mentioned  forms  of 
average  may  be  illustrated  as  follows :  If  you  wish  to  forecast  the  total 
rainfall  of  the  next  fifty  years,  take  the  arithmetic  mean  as  your  standard ; 
if  you  wish  to  bet  that  the  rainfall  next  year  will  be  more  or  less  than  a 
certain  amount^  take  the  median ;  if  you  wish  to  foretell  next  year's  rain* 
fall,  your  best  chance  is  to  take  the  mode. 

It  may  be  noted  that  if  the  various  measurements  are  quite  evenly 
distribiited  in  the  same  way  on  either  side  of  the  arithmetic  mean,  then 
mean  and  median  coincide ;  and  except  in  a  few  rare  cases  where  extreme 
values  are  commoner  than  intermediate  values  (e,g.  proportion  of  sky 
clouded),  the  mode  also  coincides  with  them. 

Another  form  of  average,  commonly  used  in  certain  cases,  is  the 

geometiic  mean,  g  =  ^X^XgXg  ...  X^  or  log  ^2  (log  X).  This  is  gener- 
ally used  to  calculate  increases  of  population,  or  for  finding  "  averages  " 
of  such  phenomena  as  tend  to  increase  or  decrease  in  a  constant  ratio. 

In  what  follows,  the  only  average  I  shall  use  will  be  the  arithmetic 
mean,  which  I  shall  abbreviate  to  "  mean  "  simply. 

The  mean  is  thus  the  first  thing  we  require  to  know  concerning  the 
measurements  of  a  group  of  variable  objects.  But  this  gives  only  a  very 
crude  idea  of  them,  and  the  next  most  useful  piece  of  information  is : 
How  much  do  individual  objects  differ  from  the  mean ;  are  some  of  them 
very  small  and  others  very  large,  or  are  they  all  nearly  the  same  size  t 
We  want,  in  fact,  a  measure  of  the  way  in  which  they  are  scattered  about 
the  mean.  Consider  the  rainfall  of  April,  for  instance,  at  a  town  where 
the  mean  is  2|  inches ;  we  may  occasionally — very  rarely — find  it  0  inches, 
or  again  we  may  quite  easily  get  5  inches  or  more,  the  range  being 
thus  at  least  twice  the  mean.  On  the  other  hand,  examine  all  the  ripe 
cherries  from  a  single  tree  served  in  a  dish  at  dessert;  their  mean 
diameter  is  perhaps  half  an  inch,  but  you  will  not  find  any  of  them  over 
an  inch  in  diameter,  nor  any  of  0  inches ;  in  fact  they  will  all  be  not  far 
from  the  half  inch ;  still  they  are  not  all  of  the  same  size.  We  should 
say  that  the  rainfall  has  a  much  greater  range  than  the  cherries  in  a 
dish,  and  is  much  more  variable. 

A  measure  of  this  variability  is  clearly  wanted  in  many  cases.  A 
municipality  which  is  laying  down  a  system  of  drainage  does  not  care 
twopence  about  the  mean  rainfall  per  day  or  per  hour ;  this  would  only 
be  of  use  if  a  drainage  system  could  be  devised  which  would  store  any 
fall  above  the  mean,  and  run  it  off  when  the  rain  had  ceased  falling. 
On  the  other  hand,  it  need  not  provide  for  an  absolute  maximum  that 
is  liable  to  occur,  say,  once  in  2000  years.  Rather  than  go  to  the  great 
expense  of  preparing  for  that,  it  would  be  cheaper  to  suffer  the  damage. 
A  fall  of  1  in.  in  an  hour  is  not  unknown  in  this  country,  hence  24  ins. 
in  a  day  is  not  on  the  face  of  it  impossible,  but  a  municipality  need  not 
provide  for  the  latter.  What  is  wanted  is  a  measure  that  will  give  an 
idea  of  how  often  excessive  falls  are  likely  to  occur. 

A  simple  measure  of  the  variability  of  a  group  of  measurements  is 
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obtained  by  finding  the  difference  between  each  measurement  and  the 
mean,  i.e,  its  demaiion  from  the  average  (irrespective  of  sign),  adding  all 
these  differences  together,  and  dividing  by  the  number  of  measurements. 
This  gives  the  "  mean  deviation."  But  a  better  measure  is  what  is  known 
as  the  standard  deviatum.  This  is  obtained  by  adding  together  the  squares 
of  the  deviations,  dividing  the  total  by  the  number,  and  extracting  the 
square  root  of  the  quotient. 

If  we  call  the  deviations^  from  the  mean  z^,,  x^  x^  .  .  .,  so  that 
z^-X^-Xy  or  generally  a;  =  X  -  X,  then  the  standard  deviation,  usually 

denoted  by  the  Greek  letter  a-,  =  a/^-- . 

For  most  purposes  this  quantity  is  the  best  measure  of  the  variability. 
Among  its  practical  advantages  may  be  noted  the  folloAving: — (1) 
Like  the  ordinary  arithmetic  mean,  it  is  constantly  of  use  in  further 
calculations;  (2)  It  will  be  found  that  practically  half  the  number  of 
observations  differ  from  the  mean  by  less  than  two-thirds  of  the  standard 
deviation.^  In  other  words,  it  is  about  an  even  chance  that  the  rainfall 
next  month  will  not  differ  from  the  mean  by  an  amount  exceeding  two- 
thirds  of  the  standard  deviation.  (3)  A  value  differing  from  the  mean 
by  three  times  the  standard  deviation  only  rarely  occiu*8.^ 

It  may  be  noted  that  the  sum  of  the  squares  of  the  deviations  from 
the  mean  is  the  least  possible ;  and  hence  in  this  sense  it  may  be  said 
that  the  observations  as  a  group  are  closer  to  the  mean  than  to  any  other 
value.  [The  mean  deviation  is  least  when  the  deviations  are  measured 
from  the  median  and  not  from  the  mean.]  For,  suppose  the  deviations 
(y)  to  be  measured  from  some  value  other  than  the  mean,  and  let  d  be 
the  difference  between  this  other  value  and  the  mean  (2),  then,  for  any 
value  X, 

y  =  x-d\  y*  =  a?-  2zd  +  cP. 

2(y2)  =  1^(7?)  -  21a:d  +  2(P  =  2(x2)  +  nd^ 

(since  the  sum  of  the  deviations  from  the  mean,  by  definition,  =  0,  hence 
lad  =  0),  and  therefore  2y^  is  least  when  twP  =  0,  t.«.,  d==0. 

Take,  for  instance,  the  full  black  curve  in  Fig.  1 :  this  represents  the 
rainfall  at  Cirencester  during  the  thirteenth  to  twentieth  weeks  of  each 
year  from  1887  to  1906  (end  of  March  to  beginning  of  May).  The 
horizontal  black  line— denoted  by  0 — represents  the  mean  rainfall  of 
that  period  in  those  twenty  years,  viz.  3*29  ins.  The  standard  deviation 
is  1-32  in.  I  find  upon  examination  of  the  records  that  in  those  twenty 
periods  the  rainfall  differed  from  the  mean  by  0'88  in.  or  more  in  eight 
years  only  out  of  the  twenty;  while  the  greatest  deviation  was  3*66  ins., 
or  about  2§  times  the  standard  deviation.  Again,  the  standard  deviation 
of  the  dotted  curve  in  the  diagram  (depth  of  water  in  the  well  at  a  certain 
date)  is  30  ins. ;  in  just  ten  cases  the  deviation  was  less  than  20  ins. 

^  As  we  are  going  to  square  these  differences,  it  does  not  matter  whether  X  is  greater  or 
less  than  £. 

'  (2)  and  (8)  only  hold  strictly  when  the  distribution  of  the  measurements  about  the  mean 
is  "  normal,"  or  approximately  so.  If  the  frequ ency  distribution  be  plotted  on  a  curve  of  which 
the  abscissae  represent  the  values,  and  the  ordinates  the  number  of  times  each  value  occurs,  a 
'*  fluency  curve  "  is  obtained.  If  this  is  of  the  "  cocked-hat "  shape,  showing  a  maximum 
at  the  centre  and  tailing  off  symmetrically  at  either  end,  with  an  equation  of  the  form 

a> 
y=ae~2a3,  the  frequency  distribution  is  called  nonnalt 
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Now  we  can  get  on  to  correlation. 

Let  us  consider  again  the  diagram.  We  saw  that  in  most  cases  a  big 
deviation  above  the  mean  in  one  curve  is  accompanied  by  a  considerable 
deviation  above  the  mean  in  the  other ;  while  deviations  below  the  mean 
also  commonly  come  in  the  same  years.  Now  we  all  probably  know 
that  if  we  multiply  a  positive  quantity  by  another  positive  quantity, 
the  product  is  positive;  and  that  if  we  multiply  a  negative  quantity 
by  a  negative,  the  product  is  also  positive ;  the  product  being  negative 
only  when  a  positive  is  multiplied  by  a  negative  quantity.  Let  us 
call  all  deviations  above  the  mean,  in  either  of  these  two  curves, 
positive,  and  all  deviations  below  the  mean,  negative.  Then  if  for 
each  of  the  years  we  multiply  the  deviation  of  one  curve  from  its 
mean  by  the  deviation  of  the  other  from  its  mean,  we  see  that  we 
have  a  great  many  cases  where  we  multiply  positive  by  positive  or 
negative  by  negative;  hence  we  get  many  positive  products  and  few 
negative.  Moreover,  the  biggest  deviations  of  one  curve  generally 
correspond  to  big  deviations,  on  the  same  side,  of  the  other ;  hence  our 
positive  products  are  mostly  large.  If  we  then  add  all  our  products 
together,  we  shall  have  a  large  positive  total.  And  therefore  it  is  fairly 
obvious  that  the  more  two  such  curves  are  alike,  the  bigger  is  the  positive 
total. 

If  we  denote  deviations  from  the  mean  in  the  full  black  curve  by  x, 
and  deviations  in  the  dotted  curve  by  y,  then  the  sum  of  the  products 
thus  obtained  is  x^y^  +  x^^  +  x^^  +  .  .  .  +  Xj^^  there  being  n  values  of 
each  of  the  two  variables  measured.  Or,  generally,  this  may  be  expressed 
as  S(^^),  t.e.,  the  sum  of  all  quantities  like  x  multiplied  by  y.  So  that 
the  more  our  curves  are  alike  the  bigger  is  ^(xy\ 

Thus  this  method  gives  us  the  germ  of  a  measurement.  But  we 
must  know  something  more :  we  have  a  big  total,  but  we  do  not  know 
Iww  near  it  is  to  the  biggest  possible,  and  therefore  how  near  the  two 
curves  are  to  absolute  resemblance.  As  a  matter  of  fact,  the  greatest 
value  of  this  quantity  is  wo-jjo-y,  and  accordingly  the  correlation  coefficient^ 
as  it  is  called,  is  obtained  by  dividing  ^(xy)  by  n  times  the  product  of 
the  standard  deviations  (<rx  and  a-y)  of  the  two  curves,  i.f.,  the  correlation 

coefficient  ^  =  y~~"«  Now,  (1)  r  always  lies  between  the  limits  ±1.  (2) 
If  the  two  curves  are  so  alike  that  they  both  rise  and  fall  together,  and 
always  in  the  same  proportion,  r  =  +  1  exactly.  (3)  If  when  one  goes 
up  the  other  always  goes  down,  and  also  always  in  the  same  proportion, 
r  =  -  1  exactly.  [If  we  were  to  correlate  any  curve  with  its  reflection 
in  still  water,  r  would  =  -  1.] 

For,  nWo-y^  -  {^f  =  ^'Sy'  -  (2icy)^  since  <r^  =  \/^and  cr^  =  v/^^ 
Let Xj^  =  A^y^,  Xg  =  ^2^2  •  •  •>  ^^^^ n^o-g^o-y"  -  (^yf  = 

(^V  +  A^yj*  +  •  •  -Xyi* + y^*  +  •  •  •)  -  (Vi*  +  V2'  +  •  •  -f 
=  y,V(V  +  V-2AiA,)+ ... 

which  is  0  if  Aj  =  Ag  =  A3  ,  .  .,  but  is  otherwise  positive. 

Hence  ^2ay  cannot  be  greater  than  +  vur^fl-y^  and  therefore  r  lies  between 
+  1.     Also,  therefore,  when  A^  =  Ag  =  A3,  i.e.  when  a;  =  Ay,  r  =  +1  exactly. 

If  there  is  no  correspondence  whatever  between  the  two  curves,  t.e. 
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if  a  big  positive  deviation  in  the  one  is  accompanied  sometimes  bj  a  big 
positive  deviation  in  the  other,  sometimes  by  a  negative,  and  sometimes 
by  no  deviation ;  in  fact,  if  it  is  pure  chance  what  deviation  you  get  in 
the  second  curve  with  a  given  deviation  in  the  first,  then  r  =  O.  Hence 
the  more  one  curve  is  dependent  upon  the  other  and  resembles  it,  the 
greater  is  r,  positive  if  an  increase  in  the  one  causes  an  increas^^  the 
other  {e.g.  spring  rainfall  and  yield  of  hay),  and  negative  if  Xnincrease 
in  the  one  causes  a  decrease  in  the  other  (e,g,  autumn  rainlibll  and  sub- 
sequent yield  of  wheat  per  acre). 

It  is  clear  therefore  that  the  correlation  coefficient  gives  us  an 
excellent  measure  of  the  resemblance  of  two  sets  of  observations ;  and 
consequently  of  the  dependence  of  the  one  upon  the  other. 

Now  let  us  apply  the  method  to  a  concrete  problem.  The  opinion  is 
usually  held  that  a  deficiency  of  winter  rainfall  is  the  cause  of  scarcity 
of  water  in  the  following  summer.  E.g.y  the  late  Mr.  O.  J.  Symons,  in 
The  Times  of  March  31,  1891,  said,  "I  do  not  diverge  into  the  effect  of 
this  drought "  [i.e.  of  the  preceding  winter]  "  upon  the  yield  of  springs 
and  wells  during  the  summer."  In  two  papers  read  before  this  Society 
by  my  brother,  Mr.  C.  P.  Hooker,  in  1903  and  1907,^  this  view  was 
emphatically  challenged,  and  he  concluded,  as  the  result  of  his  investiga- 
tions, that  plenty  or  scarcity  during  summer  depended,  not  on  the  winter 
rains,  but.  on  the  spring  rains,  more  particularly  during  March  and  April. 
We  have  thus  two  opposite  contentions,  the  one  authority  attributing 
scarcity  to  a  dry  winter  (October  to  February  or  March),  the  other  to  a 
dry  spring  (March  and  April).  I  propose  to  measure  the  relationship 
between  the  depth  of  water  in  a  well  in  summer  and  (a)  the  winter 
rainfall,  (b)  the  rainfall  at  various  periods  in  the  spring. 

The  data  are  all  given  in  my  brother's  two  papers.  One  point 
only  need  be  considered  here,  viz.  the  date  in  summer  to  be  chosen. 
"  Scarcity  "  is  probably  best  measured  by  the  minimum  amount  of  water 
in  the  well ;  but,  owing  to  the  different  times  at  which  the  replenishing 
autumn  rains  set  in,  the  date  at  which  this  minimum  occurs  varies 
enormously.  A  scarcity  in  early  autumn  may  often  be  prevented  by 
heavy  rains  setting  in  in  September ;  on  the  other  hand,  there  may  be 
plenty  of  water  in  the  well  at  the  end  of  August,  and  two  months'  absence 
of  rain  may  cause  a  serious  deficiency  by  November.  It  is  thus  desirable 
to  take  our  well-measurements  at  a  sufficiently  early  date  to  eliminate  the 
disturbing  factor  of  the  autumn  rains.  I  have  accordingly  taken  the  last 
week  in  August  as  the  best.^ 

In  the  first  place  I  shall  correlate  the  well-depth  at  the  end  of  August 
with  the  rainfall  of  the  13th-20th  weeks  of  the  year  (this  is  approximately 
the  period  indicated  by  my  brother) ;  and  I  propose  to  give  the  whole 
work  in  detail  as  an  example  (see  Table  I.) 

A  table  with  several  columns  must  be  formed.  First  write  down  on 
the  left-hand  side  the  successive  years  of  the  period.  In  the  next  column 
write  the  depth  of  water  in  the  well  at  the  date  chosen  (last  week  in 
August) ;  add  the  items,  divide  by  the  number  of  years  (20)  and  we  have 

^  Quarterly  Journal  qf  the  Royal  Meteorological  Society,  190S,  29,  p.  263,  and  1907,  33, 
p.  287. 

'  Except  that  in  the  wet  summer  of  1891,  when  a  heavy  rainfkll  in  the  fourth  week  of 
August  (2 '50  ins.)  percolated  to  the  weU  and  raised  its  level  by  8  ft.,  I  have  taken  the 
measurement  of  the  third  week  in  August. 
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the  mean  depth  at  the  end  of  August  (72  inches).  In  column  3  write 
the  deviation  (x)  of  the  well-depth  each  year  from  the  mean ;  i.e,  subtract 
each  one  successively  from  the  mean,  and  mark  it  positive  if  the  depth  be 
greater  than  the  mean,  negative  if  it  be  less.^  In  column  4  write  the 
square  of  each  of  the  numbers  in  col.  3 ;  the  sum  of  these  squares  is  n 
times  the  square  of  the  standard  deviation,  na-g^^  18,094  (whence  o-^  can 
be  obtained  at  once  if  wanted).  Similarly,  in  the  next  three  columns 
write  (5)  the  rainfall  of  the  13th-20th  weeks,  and  calculate  its  mean,  (6) 
the  deviation  (t/)  of  each  rainfall  from  its  mean,  and  (7)  the  squares 
of  these  deviations ;  adding  these  last  we  have  na-y^  =  34*763.  Finally,  in 
col.  8  write  the  product  obtained  by  multiplying  the  corresponding  devinr 
tions  given  in  cols.  3  and  6,  being  very  careful  about  the  sign  of  the 

TABLE  I. 


Wdl-depth. 

Rainfall. 

Year. 

1 

8 

XT. 

2 

'       3 

4 

I 

6 

7 

X. 

1       *• 

jr«. 

y- 

>«. 

Ft.  ins. 

Ins. 

Ins. 

Ins. 

1887 

6    3 

•♦■  3 

9 

2.89 

-0-40 

o-i6o 

-       1-2 

1888 

13  10 

+  94 

8,836 

r^ 

+  1-54 

2372 

+  1447 

1889 

7    8 

+  20 

400 

+0-39 

•'15 

+     7-8 

1890 

4  II 

-13 

169 

370 

+0-4I 

.168 

--M 

1891 

8    3 

+  27 

729 

223 

-IK)6 

I>124 

1892 

4    2 

-22 

484 

107 

-2'22 

4928 

+  488 

1893 

1    ^ 

-28 

784 

I>20 

-209 

4.326 

+  58-S 

1894 

6    8 

+  8 

64 

407 

+  078 

.608 

+     61 

"f^l 

8    I 

+  25 

^25 

3-91 

+  0-62 

•384 

+   15-5 
+  50-8 

1896 

3    3 

-33 

1,089 

5^ 

-1-54 

2372 

1897 

5  II 

-   I 

I 

-0-2I 

•044 

+    02 

1898 

5    ? 

- 10 

100 

4-15 

+  0.86 

.740 

-     8-6 

1899 

3    6 

-30 

900 

3-41 

+  0-I2 

•014 

-     3-6 

1900 

§    2 

-10 

100 

2.64 

-0.65 

.422 

+     6.5 

1901 

6    3 

+  3 

9 

4-45 

+  I.I6 

1-346 

+     3-5 

1902 

5    9 

-   3 

9 

3-49 

+  0-20 

•040 

-     0.6 

1903 

9    I 

+  37 

1,369 

6-95 

+  3-66 

13-396 

+ 135-4 

1904 

^    § 

- 15 

225 

3-04 

-025 

•063 

+     37 

1905 

4    8 

- 16 

256 

m 

+0-04 

002 

-     06 

1906 

2    4 

-44 

1,936 

-1.45 

2. 102 

+  63.8 

Total 

119    4 

... 

18,094 

65.71 

... 

34763 

+  496-8 

Average 

6    0 

... 

... 

329 

product.  Add  up  all  the  positive  products  (  +  545*3)  and  from  this  total 
subtract  the  sum  of  all  the  negative  products  ( -  48*5) :  the  remainder  is 
+  496'8,  which  =  2(icy).  Divide  this  by  the  square  root  of  the  product 
of  the  totals  in  cols.  4  and  7,  t.«.  ^/tutx^  x  na-y^  =  nasfi-y  =  793' 1,  and  the 
quotient  is  the  correlation  coefficient^  r=  +0*63. 

This  is  a  tolerably  high  coefficient,  and  indicates  that  there  is  a  dis- 
tinct connection  between  the  rainfall  of  the  period  considered  and  the 
depth  in  the  well  at  the  end  of  August. 

We  must  now  consider  the  probability  of  this  connection  being  real 
or  accidental.     This  involves  a  good  deal  more  mathematics,  and  depends 

'  In  practice,  it  is  more  convenient  to  divide  column  8  into  two,  and  put  aU  the  positive 
deviations  into  one  column  and  all  the  negative  in  the  other. 


Digitized  by 


Google 


HOOKEE— ELEMENTARY  EXPLANATION  OF  CORRELATION         286 

upon  that  portion  of  algebra  known  as  the  theory  of  probability.  As  a 
result  of  working  on  this,  it  has  been  ascertained  that  a  very  fair  test  as 
to  the  real  or  apparent  dependence  of  one  set  of  observations  upon  another 
is  afforded  by  a  factor  called  the  probable  error?-  If  r  be  the  correlation 
coefficient  and  n  the  number  of  the  observations  (20  in  the  case  under 

1  —  r^ 

review)  then  its  probable  error  has  been  found  to  be  =  0'674-j^ 

It  will  be  observed  that  this  factor  depends  not  only  on  r  (i.e.  the 
greater  is  r  the  greater  is  the  probability  of  a  real  connection),  but  also 
on  n,  and  as  this  is  in  the  denominator,  it  results  that  the  probable  error 
is  greater  according  as  n  is  smaller.  In  other  words  the  results  obtained 
from  only  a  few  observations  are  not  nearly  so  trustworthy  as  those  from 
a  large  number.  This  is,  of  course,  only  in  accordance  with  common 
sense. 

A  I  do  not  know  whether  I  can  convey  any  good  idea  of  the  principle  ^ 
underlying  the  notion  of  the  probable  error.  You  doubtless  all  know  that 
if  we  toss  a  coin  for  a  very  krge  number  of  times,  heads  and  tails  will 
turn  up  about  equally  often  in  the  long  run.  If  we  toss  for  a  thousand 
times,  however,  we  shall  almost  certainly  not  get  exactly  500  heads  and 
500  tails :  we  should  get  somewhere  near  those  figures,  and  we  should 
be  very  much  surprised  if  we  got  600  heads  and  only  400  tails.  So 
great  a  difference  as  a  proportion  of  3  :  2  is  very  unlikely  to  occur,  and  if 
it  did  occur  we  should  suspect  very  strongly  that  the  tosser  was  able  to 
exercise  some  (perhaps  small)  influence  over  the  coin.  Yet  if  we  only 
toss  five  times,  the  nearest  approach  to  equality  that  we  can  possibly  get 
is  3  :  2  j  and  if  we  toss  ten  times  we  are  almost  as  likely  to  get  6  : 4  as 
5  :  5.  Thus  a  distinct  inequality  in  the  case  of  a  small  number  of  observa- 
tions is  of  no  significance,  whereas  it  is  important  in  the  case  of  a  large 
number.  Similarly  a  distinct  correlation  coefficient  is  no  evidence  of  con- 
nection if  the  number  of  observations  be  small,  but  the  same  figiu-e  is  if 
they  be  numerous.  With  a  given  coefficient,  and  a  knowledge  of  the 
number  of  observations  on  which  it  is  based,  the  probability  of  its  being  a 
true  connection  can  always  be  calculated,  and  the  "  probable  error  "  has 
been  found  to  be  the  most  useful  guide.  In  practice  it  has  been  found 
absolutely  safe  to  say  that  there  is  certainly  a  connection  between  two 
phenomena  if  the  correlation  coefficient  be  at  least  six  times  its  probable 
error.  This  represents  odds  of  many  thousands  to  one  in  favour  of  the 
connection  being  real.     In  the  example  above,  the  probable  error  is  0*09, 

which  is  less  than  ^,  and  hence  we  may  safely  conclude  that  the  rainfall 

of  the  period  is  an  important  factor  in  determining  the  depth  of  water  in 
the  well  at  the  end  of  August. 

Perhaps  another  example  regarding  probability  may  be  cited  as  an 
illustration.  It  is  well  known  that  the  bank  at  Monte  Carlo  "  always  " 
wins,  and  that  a  very  steady  revenue  is  derived  therefrom  Yet  it  would 
seem,  to  judge  by  the  rules  of  the  play,  that  the  odds  in  favour  of  the 
bank  are  only  very  slight.  Slight  as  they  appear,  however,  they  tell  in 
the  long  run,  owing  to  the  large  number  of  times  the  game  is  played. 
But  still  it  is  not  really  an  absolute  certainty ;  a  particular  individual  may 

^  This  term  does  not  mean  that  the  coefficient  is  probably  wrong  by  the  amount  of  the 
'*  probable  error,"  but  that  in  a  long  series  of  such  coef!icientS|  differences  from  the  mean 
value  greater  and  less  than  the  probable  error  are  equally  likely  to  occur. 
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upon  occasion  "  break  the  bank,"  and  therefore  it  is  quite  conceivable 
that  such  an  operation  may  occur  so  frequently  that  the  bank  will  have 
lost  by  the  end  of  the  year.  With  a  correlation  coefficient  six  times  its 
probable  error,  the  chances  of  there  being  no  connection  are  far  more 
remote  than  those  of  a  given  individual  breaking  the  bank  at  Monte 
Carlo. 

Thus,  whatever  the  correlation  coefficient  (if  not  unity)  there  is  always 
a  remote  chance — ^it  may  be  many  millions  to  one — that  the  connection 
is  accidental.  But  it  is  always  strictly  true  that  the  coefficient  measures 
the  resemblance  that  has  actually  held  for  the  observations  included  in 
the  calculations.  It  is  only  when  we  want  to  know  whether  the  con- 
nection is  causal,  and,  as  a  corollary,  whether  it  will  still  hold  in  the 
future,  that  we  have  to  consider  questions  of  probability.     And  it  may 
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perhaps  not  be  amiss   to   remark    that   when  a   writer  points   out,  as 
frequently  occurs,  that  '*  inspection  of  the  diagram  shows  that  ups  and 
downs  correspond  fairly,  and  therefore  the  two  sets  of  phenomena  are 
interdependent,''  such  a  writer  has  frequently  quite  small  odds  in  his   . 
favour.  '^ 

Now  let  us  examine  the  same  set  of  figures  in  a  different  manner. 
Take  some  squared  paper,  and  draw  a  horizontal  line,  about  the  middle 
of  the  paper,  and  a  vertical  line,  also  about  the  middle.  We  have  now 
divided  the  paper  into  four  compartments.  Make  a  vertical  scale  on  one 
side  to  represent  deviations  of  the  rainfall  from  the  mean,  putting  0  at 
the  horizontal  line,  all  deviations  above  the  line  being  positive,  and  those 
below  negative,  and  the  range  being  great  enough  to  cover  all  the  devia- 
tions in  col.  3  of  our  correlation  tabla  Similarly  make  a  horizontal  scale 
for  the  well-depth,  the  central  vertical  line  representing  0  :  we  will  put 
positive  deviations  to  the  right  and  negative  to  the  left*  The  squared 
paper  can  now  be  used  to  plot  corresponding  deviations  of  both  rainfall 

^  In  the  example  given  here  the  vertical  scale  has  been  made  twelve  and  a  half  times  the 
horizontal,  so  as  to  exhibit  the  features  better. 
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and  welMepth  by  means  of  single  dots.  Take  the  first  year,  1887,  for 
instance ;  we  have  a  rainfall  0'4  in.  below  the  average,  and  a  well-depth 
3  in.  above :  I  therefore  put  a  dot  at  a  distance  0*4  below  the  horizontal 
line,  and  3  to  the  right  of  the  vertical  line.  This  is  the  dot  marked  A. 
Similarly  for  all  the  other  years,  so  that  I  have  a  diagram,  (Fig.  2)  with 
20  dots  on  it. 

It  will  be  observed  that  most  of  the  dots — at  least  those  that  are 
remote  from  the  centre — ^fall  in  the  upper  right-hand  compartment,  or  in 
the  lower  left-hand  compartment,  comparatively  few  being  in  the  other 
two  compartments  ;  moreover,  when  a  dot  is  far  from  one  central  line,  it 
is  not  very  near  to  the  other.  In  fact,  the  dots  are  not  distributed  hap- 
hazard, but  have  a  tendency  to  approach  a  line,  or  to  lie  in  a  belt,  run- 
ning through  the  centre  of  the  diagram  from  one  corner  to  the  other.  I 
have  drawn  a  straight  line  (CD)  upon  the  diagram  with  the  following 
property,  viz. :  that  if  we  draw  horizontals  from  all  the  dots  to  it,  then 
the  sum  of  the  squares  of  all  these  horizontals  is  a  minimum,  that  is,  the 
sum  of  the  squares  of  lengths  such  as  AB  is  a  minimum.  Those  who 
have  studied  analytical  geometry  know  that  a  line  can  be  expressed  by 

an  equation :  the  equation  to  CD  is  ic  =  —  ry,  where  a-x,  a-y  and  r  have 

the  same  meaning  as  before. 

For,  let  the  equation  to  the  line  CD  he  x  =  ky^  and  let  z^y^  be  the 
ordinate  of  the  point  A,  thus  AB  =  x^-  \y^ 

AB^  =  x^-2Xx^y^-¥\hj^ 

2(  AB2)  =  2^i2  -  IKZix^y^}  +  2(XV) 

=  na-g^  -  ^iWjayKr  +  nXVy^ 

To  find  the  minimum  value  of  the  expression  in  brackets,  differentiate 
with  regard  to  A  and  equate  to  0,  then 

-  2o-^yr  +  2Ao-y2  =  0  when  A.  =  — r. 

Hence   S(AB^)  is  a   minimum  when   the  equation  to  the   line   is 

X  =  —ru. 

In  this  example  x^  14'3y. 

Thus  what  we  have  been  doing  in  calculating  the  correlation  coelficient 
really  amounts  to  finding  a  straight  line  along  which  the  observations, 
plotted  in  this  manner,  tend  to  group  themselves.  And  this  points  a 
warning :  the  observations  might  not  tend  to  approach  a  straight  line, 
but  some  other  curve ;  in  which  event  the  correlation  coefficient  is  not 
the  best  indicator  of  the  connection  between  the  two  sets  of  observations, 
and  to  find  the  true  relationship  becomes  a  much  more  complicated  task. 
It  is  always  as  well,  therefore,  to  plot  such  a  "  dot-diagram  "  as  the  above, 
in  order  to  see  that  the  relationship  is  not  of  a  peculiar  type.  In  such  a 
case  the  correlation  coefficient  between  simple  deviations  from  the  average 
might  not  show  a  relationship.  The  converse,  however,  does  not  hold, 
for  if  the  correlation  coefficient  is  significant,  a  relationship  always 
exists. 

It  is  evident  that  a  second  line  can  be  drawn  so  as  to  make  the  sum 
of  the  squares  of  the  verticals  from  the  dots  to  it  a  minimum  :  its  equation 
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is  y  =  ^  ra?.     The  two  lines  are  known  as  the  regression  ^  lines,  and  the 

equations  may  be  called  the  regression  equations.  They  can  be  made  of 
great  practical  use — more  especially  if  r  be  large — since  they  give  the 
approximate  value  of  y  corresponding  to  a  given  value  of  x,  Le,,  in  this 
instance  they  enable  us  to  forecast,  within  certain  limits,  the  depth  of 
water  there  will  be  in  the  well  in  August  from  the  spring  rainfall.  It  is 
to  be  carefully  remembered,  however,  that  the  forecast  will  rarely  give 
the  exact  amount :  it  only  gives  an  average  of  the  depths  corresponding 
to  the  given  rainfall.  In  fact,  the  forecast  is  a  kind  of  average,  and  it 
is  no  more  safe  to  pin  our  faith  to  its  accuracy  in  a  given  year  than  it 
is  to  pin  our  faith  to  the  rainfall  of  next  June  being  exactly  the  average. 
Inspection  of  the  above  "  dot-diagram  "  shows  that  all  the  dots  lie  within 
a  belt  running  transversely  across  the  paper,  and  it  may  be  safely  fore- 
casted that  for  a  given  rainfall  the  well-depth  will  lie  on  that  part  of  the 
vertical  corresponding  to  the  rainfall  which  is  within  the  belt.  For  instance, 
given  a  rainfall  2  inches  above  the  mean  in  the  1 3th-20th  weeks,  the  re- 
gression equation  forecasts  a  well-depth  of  57  inches  above  the  mean,  and 
it  is  practically  a  certainty  that  it  will  not  be  below  the  mean,  and  not 
more  than  100  inches  above  it  at  the  end  of  August. 

It  should  be  noticed  that,  if  we  wish  to  estimate  what  was  the  rain- 
fall corresponding  to  a  given  depth,  we  should  use  the  other  regression 
equation.  If  the  one  phenomenon  depended  absolutely  on  the  other,  then 
r  would,  as  already  stated,  be  unity,  and  the  two  ** regression  lines" 
would  coincide. 

We  have  found  in  this  case  a  correlation  coefficient  of  +0*63.  Thii^ 
is  not  unity,  therefore  the  rainfall  of  the  13th-20th  weeks  is  not  the  sole 
cause  of  the  amount  of  water  in  the  well.  There  are  other  causes,  and 
several  of  these  have  been  briefly  discussed  in  my  brother's  papers. 
Three  special  cases  may  be  noticed  in  the  second  diagram,  in  two  of  which 
the  dots  are  unusually  far  from  the  regression  line.  The  farthest  of  all 
is  1888.  If  we  refer  to  the  diagrams  in  my  brother's  first  paper,  we 
shall  notice  that  the  heavy  rainfall  at  the  end  of  July  and  the  beginning 
of  August  in  that  year  actually  succeeded  in  penetrating  to  the  well  and 
adding  8  ft  of  water  to  it — "  a  very  unusual  circumstance."  This  is  an  ex- 
cellent illustration  of  what  I  want  to  bring  out,  viz.,  that  the  method  of 
correlation  measures  the  average  dependence  during  the  whole  period  of 
the  observations.  In  that  particular  year  July- August  was  certainly  the 
dominant  factor,  but  over  the  ttventy  years  it  was  not.  The  13th-20th 
weeks  were  of  some  importance  in  that  year,  but  happened  to  be  sub- 
ordinated to  the  summer  :  "  a  very  unusual  circumstance."  Note  that  this 
is  fully  taken  into  account  in  the  correlation  coefficient:  were  1888 
omitted,  the  coefficient  would  have  been  different. 

The  second  special  year  is  1903,  in  which  (otherwise  wet)  year  the 
very  dry  July  seems  to  have  pulled  the  well  down  almost  abnormally. 
But  on  looking  at  my  first  diagram,  careful  inspection  gives  rise  to  the 
suspicion  that  there  is  a  tendency  for  the  level  of  the  water  in  the  well 
to  be  gradually  reduced,  i.«.,  that  owing  to  some  cause,  possibly  more 
general  drainage  or  other  depletion  of  our  underground  water  supplies, 

>  This  term  was  introduced  by  Mr.  F.  Galton  iu  discussing  heredity,  and  is  expressive  in 
connection  with  that  science. 
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a  given  rainfall  does  not  result  in  so  much  being  stored  up  as  twenty 
years  ago.  The  diagram  merely  allows  us  to  suspect  this,  and  points  to 
the  desirability  of  confirmative  investigation  in  other  directions.  If 
there  is  a  tendency  towards  a  reduction  of  the  average  well-depth  our 
regression  line  should  be  really  not  quite  a  straight  line ;  although  for  the 
crude  purpose  we  require,  and  in  view  of  the  small  number  of  years' 
observations,  a  result  obtained  allowing  for  this  factor  would  differ  so 
slightly  from  ours  as  to  be  negligible. 

The  third  case  is  the  outlying  dot  in  the  lower  right-hand  compart- 
ment. This  is  1891,  when  the  well  was  filled  in  May,  having  been  at  a 
very  low  level  at  the  beginning  of  March.  This  is  the  year  in  which, 
thanks  to  May,  and  in  some  degree  also  to  a  wet  summer  following,  Mr. 
Symons's  forecast  was  so  badly  thrown  out.  The  winter  was  the  driest 
of  the  twenty  years,  but  at  the  end  of  the  fourth  week  of  August  there 
was  actually  more  water  in  the  well  than  in  any  other  of  the  twenty 
years.' 

Summing  up  what  has  gone  before,  it  may  be  said  that  such  simple 
correlation  measures  the  effect  of  differences  from  the  mean  in  one 
phenomenon  upon  differences  from  the  mean  in  another,  eliminating  other 
factors  affecting  them;  in  fact,  after  making  allowances  for  the  causes 
which  pull  the  dots  away  from  the  straight  line  in  the  ** dot-diagram"  above. 
The  particular  problem  set  can  now  be  solved  quite  shortly.  I  have 
found  a  connection,  indicated  by  a  coefficient  of  +0*63,  between  the 
well-depth  at  the  end  of  August  and  the  rainfall  of  the  13th-20th  weeks. 
What  is  the  coefficient  with  the  winter  rainfall  1  The  various  winter 
rainfalls  at  the  same  spot — i.e.,  the  rainfalls  of  October  to  March — are 
given  in  my  brother's  papers.  I  correlate  them  in  exactly  the  same  way 
with  the  well-depth,  and  find  a  coefficient  of  -O'll.  That  is  to  say, 
that  a  heavy  winter  rainfall  tended,  if  anything,  to  be  followed  by  a 
deficiency  in  the  well !  But  the  probable  error  of  so  small  a  coefficient 
is  considerable,  viz.  01 5;  and  it  may  therefore  most  certainly  be  said 
that  the  connection  is  only  apparent,  and  that  the  depth  of  the  well  at 
the  end  of  August  does  not  depend  in  any  degree  whatever  upon  the 
winter  rainfall.  This  proves  my  brother's  conclusion  that  any  surplus 
water  which  falls  in  the  autumn  and  eady  winter  has  long  since  reached 
the  sea,  and  is  not  available  in  summer. 

If  we  compare  winter  rainfall  with  the  well-depth  by  means  of 
diagrams,  we  shall  find  that  by  plotting  the  data  in  the  same  way  as  in 
my  first  diagram,  the  ups  and  downs  of  the  curves  by  no  means  corre- 
spond. Or  if  we  plot  a  "  dot-diagram,"  the  dots  are  scattered  all  over  it, 
and  there  is  no  tendency  to  lie  in  a  belt.  A  coiTclation  coefficient  of 
practically  zero  is  the  mathematical  expression  of  this  haphazard 
distribution. 

Correlation  also  permits  of  our  finding  which  is  the  most  important 
period,  with  a  little  trouble.  To  do  this,  it  is  only  necessary  to 
correlate  the  well-depth  successively  with  different  periods.  I  have  done 
tliis  for  the  lst-8th,  5th-12th,  9tli-16th,  .  .  .  25th-36th  weeks.  Of  course, 
the  rainfall  of  the  5th-12th  weeks,  which  overlaps  the  first  period,  is 
partly  dependent  o'n  it,  and  therefore  if  we  find  a  significant  coefficient 
with  each  period,  we  cannot  say  that  the  well  is  dependent  upon  both. 
Similarly  it  is  quite  conceivable  that  the  rainfall  of  January  is  connected 
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with  that  of  April,  and  we  cannot  treat  all  our  correlation  coefficients  as 
necessarily  independent  of  each  other ;  ie.,  in  the  latter  case  a  connection 
with  April  might  be  due  to  the  similarity  of  the  January  and  April  rain- 
falls, and  the  well  might  really  depend  upon  January.  But  it  will  be 
true  to  say  that  the  well-depth  is  most  connected  with  the  rainfall  of  that 
period  with  which  we  get  the  maximum  coefficient ;  and  this  I  propose 
to  ascertain.     The  correlation  coefficients  are  as  follows  : — 


Period :  Weeks 

I8t-8th. 

5th-12th. 

9th-16th. 

18Ui.20th. 

I7th-24th. 

21th-28th. 

2dth-82nd. 

r 

-0-28 

+  0-02 

+  0-35 

+  0-68 

+  0-50 

+  0-28 

+  0-42 

Probable  error 

0-14 

015 

013 

009 

Oil 

0-14 

012 

The  maximum  is  +  0*63,  and  the  13th-20th  weeks  (i.e,,  end  of  March 
to  middle  of  May)  are  therefore  the  most  important  of  the  periods 
examined.  The  connection  with  9  th- 16th  weeks  and  with  the  17th-24th 
weeks  is  obviously  due  partially  to  the  overlapping  of  these  with  the 
maximum  period.     It  will  be  noticed,  moreover,  that  all  the  probable 

errors,  in  the  case  of  the  other  periods,  are  greater  than  g ;  hence  we  are 

not  able  to  say,  with  absolute  certainty,  that  the  well-depth  is,  normally, 
dependent  upon  any  of  them.  Still  it  is  probable  that  every  month 
after  March  has,  upon  a  certain  few  occasions  if  not  regularly,  exercised 
some  influence  upon  the  well.  I  notice  that  the  coefficient  of  the  17th- 
24  th  weeks  is  greater  than  that  of  the  9  th- 16th  weeks,  hence  I  conclude 
\hat  there  is  a  distinct  probability  that  a  period  a  little  later  than  the 
13th-20th  weeks — say  perhaps  the  14th-21st  weeks  {i.e.,  April-May) — is 
the  most  influential  on  an  average  of  years.  This  is  even  a  shade  later 
than  my  brother  puts  it.  It  may  possibly  be  the  case  that  a  wet  May  is 
only  of  importance  when  April  has  been  sufficiently  damp  to  allow  the 
May  rains  to  percolate,  and  if  so  it  may  be  said  that  April  was  the  most 
critical  time  even  in  such  years,  although  its  rainfall  may  have  differed  but 
slightly  from  the  average.  Such  a  statement,  however,  does  not  seem 
to  lend  itself  to  treatment  by  the  method  of  correlation,  and  is  neither 
proved  nor  disproved  by  it. 

It  may  be  added  that  by  taking  periods  of  a  somewhat  different 
duration,  says  six  weeks,  or  ten  weeks,  etc.,  it  is  possible  that  we  might 
light  upon  a  somewhat  higher  coefficient,  but  the  broad  statement  made 
above  is  sufficiently  accurate  under  the  circumstances. 


DISCUSSION. 

The  President  thanked  Mr.  Hooker  for  his  explanation  of  a  very 
important  method  of  dealing  with  8tati8tic&  In  inviting  discussion  of  the 
paper  he  wished  to  remind  the  Fellows  that  the  object  of  the  paper  was  the 
method  ;  and  as  the  facts  had  already  been  discussed  when  the  original  papers 
were  read,  he  trusted  that  the  discussion  would  refer  to  the  method  and  not  to 
the  illustrations. 

Dr.  W.  N.  Shaw  remarked  that  the  paper  brought  before  the  Society  for 
the  first  time  a  method  which  was  now  applied  in  many  statistical  sciences,  and 
had  recently  been  practised  by  the  Director-Qeneral  of  Indian  Observatories  to 
measure  the  correlation  between  pressures  in  different  parts  of  the  world,  and  80  to 
form  the  basis  of  a  numerical  statistical  method  of  forecasting  seasons  in  India.  It 
was  important  that  the  Society  should  take  account  of  this  method  of  correla- 
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tion.  He  had  spoken  of  it  before  the  University  of  London  in  a  lecture,  but  this 
had  not  been  published,  and  he  was  glad  that  Mr.  Hooker  had  brought  the 
subject  forward  again.  He  did  not  altogether  share  Mr.  Hooker^s  opinion  as  to 
the  extent  of  its  superiority  over  the  diagrammatical  method  of  comparison. 
It  was  certainly  quite  possible  to  deceive  oneself  in  comparing  two  curves  on  a 
diagram.  But  on  the  other  hand  the  correlation  method,  as  described,  was 
applicable  only  to  cases  having  a  linear  proportion  between  the  two  quantities 
compared.  He  would  like  to  know  what  would  happen  if  one  had  to  deal  with 
a  number  of  observations  from  two  anemometers,  one  recording  the  pressure, 
and  the  other  the  velocity.  There  should  be  a  correlation  between  them,  as  the 
wind  force  was  known  to  be  proportional  to  the  square  of  the  wind  velocity. 
Diagrammatically  correlation  would  be  indicated  because  the  elevations  on  one 
diagram  would  be  proportional  to  the  square  of  the  elevations  on  the  other. 
Another  point  was  that,  supposing  the  quantities  measured  depended  upon  two 
independent  variables,  how  would  that  be  represented  in  the  correlation 
coefficient?  He  congratulated  Mr.  Hooker  upon  his  paper,  and  thought  the 
Fellows  should  realise  the  advantages  of  using  this  method  in  their  own  work. 

Mr.  R.  H.  Hooker,  in  reply,  said  that  when  the  relationship  between  two 
phenomena  was  not  linear,  they  had  to  look  very  carefully  at  the  results,  and  also 
consider  very  carefully  what  should  be  correlated.  Simple  correlation  was 
frequently  inapplicable,  and  higher  mathematics  might  be  required  to  bring 
out  the  true  connection.  On  the  other  hand,  various  devices  could  in  many 
cases  be  employed,  «.^.,  he  had  himself  correlated  the  oscillations  of  the 
marriage  rate  and  trade  by  correlating,  not  differences  from  the  mean,  but 
differences  from  the  trend  of  the  curve,  t,e,  from  a  variable  average.  He  thanked 
them  for  the  kind  way  in  which  they  had  received  the  paper. 

The  President  said  that  the  paper  read  by  Mr.  Hooker  had  been  put 
forward  in  a  very  clear  and  pleasing  manner.  He  hoped  that  when  the 
paper  was  printed  Mr.  Hooker  would  add  an  appendix  giving  the  rigid  defini- 
tions of  the  terms  uset),  and  also  of  other  terms  which  he  had  avoided  in 
simplifying  his  paper,  but  which  ought  to  be  put  on  record  in  a  form  convenient 
for  Fellows  of  the  Society  to  refer  to.  He  thanked  him  for  his  kindness  in 
bringing  this  important  subject  before  them. 


Teaching  of  Meteorology  at  Agricnlttiral  Institutions. 

The  President  of  the  Board  of  Agriculture  and  Fisheries  in  the  early  part  of 
1907  appointed  a  Departmental  Committee,  "to  enquire  as  to  the  provision 
which  has  now  been  made  for  affording  scientific  and  technical  instruction  in 
agriculture  in  England  and  Wales,  and  to  report  whether,  in  view  of  the 
practical  results  which  have  already  been  obtained,  the  existing  facilities  for  the 
purpose  are  satisfactory  and  sufficient,  and,  if  not,  in  what  manner  they  may 
with  advantage  be  modified  or  extended."  The  Report  of  this  Committee  has 
just  been  published  as  a  Blue  Book.  In  dealing  with  the  teaching  of  Meteorology 
at  Agricultural  Institutions,  the  Committee  report  as  follows  : — 

"  The  attention  of  the  Committee  was  drawn  to  this  subject  as  one  which,  up 
to  the  present  time,  has  received  but  little  attention  in  this  country. 

"  Dr.  H.  R.  Mill,  President  of  the  Royal  Meteorological  Society,  pointed  out 
that  the  Meteorological  Office  has  amongst  its  other  duties  that  of  preparing 
reports  and  weather  forecasts  for  the  British  Isles,  and  that  he  was  afraid  that  a 
very  large  number  of  farmers  are  not  able  to  profit  by  this  expenditure  of  public 
money  on  their  behalf,  because  of  their  inability  to  understand  the  Weekly 
Weather  Report. 
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'^  Dr.  Mill  holds  that  *  imparting  a  knowledge  of  the  methods  of  meteorology 
is  technical  instruction  in  agriculture  to  this  extent,  that  it  helps  a  farmer  to 
decide  difficult  questions  that  arise  occasionally  as  to  whether  he  should  proceed 
with  a  certain  agricultural  operation  in  certain  conditions  of  weather,  or  whether 
there  are  sufficient  data  hefore  him  in  the  published  reports,  say,  of  the 
Meteorological  Office,  to  justify  him  in  postponing  it  on  the  ground  that  better 
weather  is  coming.' 

"The  Committee  are  of  opinion  that  in  agricultural  and  horticultural 
institutions,  provision  might  well  be  made  for  instruction  which  would  enable 
farmers  and  gardeners  to  make  use  of  existing  means  of  information  regarding 
the  weather,  and  direct  farmers'  attention  to  the  relations  between  meteorology 
and  the  crops." 

Prize  Oompetition  of  the  Qerxnaa  Meteorological  Society. 

Dr.  G.  Hellmann,  the  President^  has  informed  us  that  the  German  Meteoro- 
logical Society  offers  a  Prize  of  three  thousand  Marks  for  the  best  discussion 
of  the  meteorological  results  obtained  in  the  International  Kite  and  Balloon 
Ascents.     The  conditions  are  : — 

1.  The  judges  are  free  to  divide  the  prize. 

2.  Persons  of  any  nationality  may  take  part  in  the  competition. 

3.  The  communications  may  be  in  German,  English,  or  French,  and  must 

be  well  and  legibly  written  on  one  side  of  the  paper  only,  and 
further  have  a  Motto  attached.  They  must  be  accompanied  by 
a  sealed  envelope^  bearing  on  the  outside  the  same  Motto,  and  con- 
taining inside  the  name  and  address  of  the  sender. 

4.  The   latest    date    for   sending    in    will    be    December    31,    1911,    and 

communications  should  be  forwarded  to  Dr.  G.  Hellmann,  Berlin  W. 
56,  Schinkelplatz  6. 

5.  The  results  of  the  competition,  as  decided  by  five  judges,  will  be  made 

known  in  1912  in  the  Meteorologische  Zeitschrift. 

Lectures  on  Meteorology. 

Mr.  E.  Gold  will  give  a  course  of  Lectures  in  Meteorology  at  the  Cavendish 
Laboratory,  Cambridge,  during  the  Michaelmas  term,  on  Thursdays  at  5  p.m., 
beginning  on  October  1 5.     The  syllabus  is  as  follows  : — 

Variation  of  meteorological  elements  over  the  surface  of  the  earth. 
Temperature,  pressure,  and  wind.  Comparison  with  theory.  Humidity 
and  rainfall     Cloud  and  duration  of  sunshine. 

Periodic  changes  in  pressure,  temperature,  etc  (1)  Diurnal,  semi- 
diurnal Connection  between  pressure,  wind,  and  temperature  variations 
(2)  Annual  Irregularities  in  annual  temperature  curve.  (3)  NewcomVs 
investigation  of  temperature  changes  of  long  period.  (4)  Bruckner's  35 
year  period.  Lockyer's  Barometric  See-saw.  Moon-period  in  thunder- 
storm frequency. 

The  relation  of  pressure  gradient  to  wind  velocity.  Characteristic 
difference  between  cyclonic  and  anti-cyclonic  motion.  Motion  of  the  air 
in  cyclonic  depressions  and  line-squalls  according  to  Shaw  and  Lempfert 

Investigation  of  the  upper  air.     Results  of  kite  ascents. 

The  isothermal  layer  :  its  bearing  on  the  general  circulation. 

Correlation.  Applications  to  pressure  by  Lee  and  Pearson  and  Cave- 
Browu-Cave.     Application  to  rainfall,  temperature,  and  crops  by  Hooker. 

Telegraphic  meteorology  and  forecasting.  Abercromby's  types  of 
pressure  distribution.     Guilbert's  rules.     Ekholms'  isallobars. 
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THE   HONGKONG  TYPHOON,    SEPTEMBER    18,  1906. 

By  LAWRENCE  GIBBS,  F.R.Met.Soc.,  A8soc.M.In8t.C.E. 

[Read  June  17,  1908.] 

The  typhoons  of  the  China  and  Eastern  seas  usually  have  their  origin 
in  the  Pacific  to  the  eastward  of  the  Philippine  Islands ;  they  occur 
during  every  month  of  the  year,  but  are  of  rare  occurrence  during  the 
late  winter  and  early  spring. 

In  point  of  view  of  the  direction  taken,  they  may  be  roughly 
divided  into  three  classes.  Those  of  the  first  class  take  westerly  or 
north-westerly  courses  across  the  Philippine  Islands  and  the  China 
Sea,  and  reach  the  coast  of  Asia  between  Saigon  and  Shanghai.  '  Those 
of  the  second  class,  after  first  moving  westward,  "recurve,"  before 
reaching  the  Philippines,  and  travel  to  the  north  and  north-east,  usually 
passing  up  the  Japanese  Islands.  A  third  class  includes  those  few 
which  follow  courses  intermediate  between,  or  outside  of  these. 

They  have  been  studied  for  many  years  at  the  Observatories  of 
Manila,  Zi-ka-wei  (Shanghai),  Hongkong,  and  Tokio,  and  on  the  publica- 
tions of  these  Observatories  most  of  the  information  given  in  this  paper 
is  based. 

They  are  found  to  vary  greatly  in  size,  intensity,  rate  of  progress, 
and  direction. 

Size, — ^The  typhoons  experienced  in  Hongkong  on  July  29,  1896, 
and  September  18,  1906,  may  be  taken  as  extremes  in  size.  During 
the  former  a  velocity  of  108  miles  (old  constant  3)  in  an  hour  was 
recorded  at  the  Observatory  when  the  centre  of  the  typhoon  was  47 
miles  (nautical)  distant;  while  a  mean  of  several  observations  at  sea 
gave  wind  force  6  at  230  miles  from  the  centre.  In  the  latter,  force  6 
only  was  experienced  at  the  Gap  Rock  lighthouse,  32  miles  south-west 
of  Hongkong  Observatory  and  38  miles  distant  from  the  centre,  and  a 
velocity  of  24  miles  in  an  hour  was  registered  in  Hongkong  2  J  hours 
before  the  typhoon  centre  reached  the  Colony  and  when  it  was  only 
about  30  miles  distant.  If  wind  force  6  be  taken  as  the  limit,  then  the 
1896  typhoon  would  be  about  500  miles  diameter,  and  the  1906 
typhoon  less  than  100  miles  diameter. 

Intensity. — ^The  barometric  gradient,  which  is  a  general,  though  not 
an  absolute  guide  to  the  wind  force,  often  exceeds  *20  inch  in  15  miles 
near  the  centre  of  a  typhoon ;  but  during  the  typhoon  season  shallow 
depressions  are  of  common  occurrence,  and  these  in  traversing  the  China 
seas  often  deepen  and  become  regular  typhoons.  The  converse  also 
occurs,  a  wellndefined  typhoon  sometimes  partially  "filling  up''  and 
becoming  a  shallow  depression.  It  thus  becomes  a  question  of  degree 
what  is  a  typhoon  and  what  is  not,  and  no  lower  limit  other  than  an 
arbitrary  one  can  be  fixed  to  the  gradient  in  a  typhoon. 

Bate  of  Progress. — This  varies  mainly  with  the  time  of  year  and 
the  latitude;  generally  the  winter  typhoons  are  slower,  and  those 
traversing  high  latitudes  quicker,  than  the  average.  The  typhoons 
which  cross  the  Philippines  between  May  and  October  travel  at  from 
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8  to  12  miles  an  hour ;  but  in  different  latitudes  and  at  other  times  of  the 
year  they  have  been  known  to  travel  at  from  3  to  30  miles  an  hour. 

Diredian. — Fig.  1  shows  the  tracks  of  the  principal  typhoons  of  1905 
as  computed  by  Mr.  F.  G.  Figg  of  the  Hongkong  Observatory. 

In  view  of  the  considerable  area  usually  covered  by  a  typhoon  and 
their  frequent  occurrence  during  the  season,  there  was  nothing  peculiar 
in  the  fact  that  one  should  pass  close  to  Hongkong.  But  the  fact 
which  brought  the  typhoon  of  September  18, 1906,  into  such  prominence 


Fia.  1.— Typhoons  of  1905. 

was  the  failure  of  the  Observatories  to  give  any  adequate  warning,  and 
the  consequent  heavy  damage  to  shipping  and  small  craft.  This  loss 
was  accentuated  by  the  fact  that  the  typhoon  centre  passed  to  the  north 
of  the  harbour,  thus  causing  a  North-westerly  backing  to  Southerly  gale. 
The  harbour,  as  will  be  seen  from  Fig.  2,  is  much  less  sheltered  from  the 
west  than  from  any  other  quarter. 

Judged  by  anemometer  records  the  typhoon  was  by  no  means  a  severe 
one.  The  records  are  from  a  Kobinson  cup  anemometer,  and  the  figures 
available  only  give  the  hour's  velocity  and  take  no  account  of  the  heavy 
squalls  of  short  duration,  which  are  so  distinct  a  feature  in  typhoons. 
Indeed,  from  the  published  returns  it  appears  that  the  highest  average 
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hourly  wind  velocity  was  77  miles — it  never  reached  what  is  known  as 
typhoon  force  or  80  miles  per  hour.  During  the  23  years  1884-1906,  this 
velocity  has  been  exceeded  on  seven  separate  occasions,  totalling  20  hours, 
at  the  Hongkong  Observatory,  the  maximum  being  108  miles  per  hour. 
The  small  amount  of  damage  done  on  shore  confirms  the  conclusion 
thus  reached. 

In  the  harbour,  45  merchant  vessels  of  an  aggregate  tonnage  of 
46,994  were  either  badly  injured,  stranded,  or  foundered,  80  steam 
launches  out  of  a  total  of  256  were  permanently  or  temporarily  disabled. 
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Fio.  2. — Hongkong  Harbour. 

and  a  great  number  of  lighters,  junks,  and  small  craft  broken  up.  Six- 
teen Europeans  lost  their  lives,  2385  Chinese  were  reported  missing,  but 
as  in  many  cases  the  whole  family  lived  on  the  boat,  and  as  many 
boats  were  lost  with  all  hands,  it  is  probable  that  this  figure  was  con- 
siderably exceeded. 

The  Observatory  at  Zi-ka-wei  came  more  nearly  than  any  other  to 
an  adequate  forecast. 

It  issued  the  following  notices  : — 

September  15. — **  A  new  centre"  (i.tf.  of  low  preesure)  "is  signalled  ad  vane- 

ing  towards  Formoea  from  the  south  of  the  Meiaco  Sima  Group." 
September  16. — "The  centre  in  the  south  is  nearly  stationary  at  Formosa.*' 
September  1 7. — "  The  one  reported  at  Formosa  fills  up  gradually.'* 
September  18. — "A  very  violent   storm  of  quite   limited   area   raged    in 
Hongkong  on  Tuesday  morning"  (t.e.  September  18). 
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The  Philippines  Weather  Bureau  issued  a  Bulletin  dated  October  10, 
1906,  in  which  it  gave  the  probable  track  (Pig.  3)  of  the  typhoon  from 
140°  east.  It  was  enabled  to  do  this  by  observations  received  from 
vessels  at  sea  in  the  neighbourhood  of  the  typhoon,  and  from  a  report 
received  from  the  Observatory  at  Santo  Domingo,  a  station  not  connected 
by   telegraph   with   Manila.      These   observations   were   considered   to 


FiQ.  3.— Track  of  Typhoon,  September  1906. 

corroborate  the  Zi-ka-wei  deductions  of  the  15th  and  16th.  As,  however, 
they  were  only  available  after  September  18,  the  Manila  Observatory 
was  unfortunately  not  in  a  position  to  give  any  forecast  of  the  typhoon. 

The  Hongkong  Observatory  did  not  consider  the  observations  avail- 
able on  the  16th  and  17th  justified  the  issue  of  any  typhoon  warnings, 
and  at  11.35  a.m.  on  the  latter  date  issued  the  following  forecast  for 
the  24  hours  ending  noon  on  the  18th : 

"  Hongkong  and  neighbourhood.  — Variable  winds,  moderate  ;  probably 
some  thunder  showerB." 

At  8  a.m.,  however,  on  the  morning  of  the  18th,  it  was  found  that 
the  barometer  was  falling  rapidly,  and  the  weather  appearing  threatening, 
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orders  were  given  to  hoist  the  Black  Drum — the  weather  signal  indicat- 
ing that  there  was  a  typhoon  within  300  miles  to  the  eastward  of  the 
Colony — and  at  8.40  a.m.  the  typhoon  gun  was  fired,  indicating  that  a 
strong  gale  of  wind  was  expected  to  blow.  This  was  only  about  an 
hour  before  the  storm  was  at  its  worst.  It  will  thus  be  seen  that^ 
though  it  seems  highly  probable  that  Zi-ka-wei  located  the  typhoon 
fairly  closely  on  September  15  and  16,  it  did  not  actually  describe  it 
as  a  typhoon,  and  lost  sight  of  it  after  the  latter  date;  and  on  the  17th, 
when  the  storm  was  advancing  directly  towards  Hongkong,  reported  it 
as  filling  up. 

There  is  no  doubt  it  was  the  small  area  covered  by  this  typhoon 
which  caused  this  failure  of  the  forecasts.  This  small  area  is  shown  in 
several  ways.  As  has  been  already  stated  at  the  Gap  Rock  lighthouse, 
38  miles  from  the  centre,  wind  force  6  only  was  noted.  At  Macao,  35 
miles  west,  and  at  Canton,  75  miles  north-west  of  Hongkong,  only  a 
slight  storm  was  experienced.  Assuming  that  the  rate  of  travel  of  two 
typhoons  is  about  the  same,  which  is  approximately  the  case  in  the  same 
latitude  and  season,  then  the  time  they  take  to  pass  is  a  fair  test  of 
their  relative  size,  if  they  are  equally  distant  from  the  observing  station. 
In  the  typhoon  of  September  18,  1906,  the  wind  was  at  50  miles  per 
hour  and  over  for  only  3  hours,  with  the  centre  only  6  miles  distant. 
While  in  the  typhoon  of  October  5,  1894,  it  blew  at  over  50  miles  per 
hour  for  29  hours;  and  in  the  typhoon  of  July  29,  1896,  whose  centre 
passed  at  47  miles  from  the  Observatory,  50  miles  per  hour  was 
registered  for  10  hours. 

The  following  table  gives  the  observations  of  barometer,  temperature, 
rain,  and  wind  at  the  Hongkong  Observatory  on  September  18,  1906  : — 

Observations  taken  at  Honokono  Observatory,  September  18,  1906. 


Hour. 


1  a.ni. 

2  ,, 

3  ,» 

4  „ 

5  II 

6  „ 

7  „ 

8  „ 

9  „ 

10  „ 

11  „ 
Noon 

1  p.m. 

2  „ 

3  M 

4     » 

I    '' 
"    I) 

7  » 

8  „ 

9  » 

10  „ 

11  „ 
Midnight 


Barometer. 

Tempera- 

ture. 

Ins. 

29685 

78.8 

•666 

79-0 

•661 

79.0 

•636 

79.1 

.621 

78.6 

.602 

78.4 

•584 

773 

•493 

768 

.119 

74-5 

066 

750 

•493 

75.6 

•590 

771 

•645 

78.5 

.661 

79-4 

•679 

80.3 

•675 

81.9 

.681 

807 

.691 

79-5 

.716 

79-5 

m 

78-0 

77-7 

•794 

799 

•791 

79^8 

•778 

Wind. 


Rain. 


In. 


Direction  in 

points. 
3a  is  north. 


•29 

V 
•81 

1.25 

•90 

•40 

•15 
05 


•41 
•17 


27 
25 
29 

27 
29 
28 

27 
28 

27 
18 
16 
18 
15 
15 
14 
14 

12 

9 
II 
II 
II 

9 
10 
10 


Velocity  in 
miles. 


7 

10 
12 
IS 
14 
24 
43 
73 
77 
50 
31 
20 
21 
18 
'5 
14 
21 
21 
21 
16 

25 
22 
28 


Google 


Digitized  by 


298        GIBBS— THE  HONGKONG  TYPHOON,  SEPTEMBER  18,  1906 

Fig.  4  gives  the  barograms  for  three  typhoons  which  have  passed 
near  to  Hongkong,  and  shows  how  short  the  warning  given  by  the 
barometer  was  on  September  18. 


49     JULY 


90  Juuv 


19    SO 


•      NOV 


lO    NOV 


17    6(P 


16      ftCP 


L9    OQ 


Fig.  4. — Typhoou  Barograms  in  Hongkong. 
Plotted  from  Hourly  Readings  at  Hongkong  Observatory. 


DISCUSSION 

Mr.  F.  Camfbbll  Bayard  said  that  with  reference  to  this  typhoon,  his 
second  son  was  mate  on  board  the  S.S.  Ras  DarOy  and  he  had  written  him  a 
letter  on  October  10,  1906,  from  Ke  Lung,  Formosa,  in  which  he  said  : — 

"  We  arrived  at  Hong-kong  last  Saturday,  October  6,  at  8  a.m.,  and  all  looking 
forward  for  a  quiet  day  the  following  day.  But  on  our  arrival  there  we  learnt 
of  the  terrible  typhoon  that  had  visited  Hong-kong.  The  Admiralty  informed 
OS  that  we  must  proceed  to  Wei-hai-wei,  as  there  was  no  means  of  discharging  our 
cargo  in  Hong-kong,  the  lighters  all  having  sunk.  Well,  after  taking  on  board 
fresh  provisions,  and  the  old  man  doing  his  business  on  shore,  we  hove  up  the 
anchor  and  proceeded,  all  with  sad  hearts.  As  soon  as  we  got  outside  the 
harbour  the  eky  was  as  black  as  ink,  so  we  thought  we  should  get  a  typhoon,  as 
four  had  taken  place  in  the  last  twelve  days.  However  we  didn't,  but  we  had 
a  strong  North-east  gale  right  up  to  here.  It  was  so  bad  that  we  had  to  ease 
our  engines  for  24  hours.  However  it  can't  last  much  longer  now,  so  w^e  are 
looking  forward  now  for  fine  weather." 

His  son  had  brought  home  with  him  a  book  with  numerous  photographs  of 
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the  typhoon  effects.  It  was  very  interesting,  giving  pictures  of  the  vessels  on 
shore.     In  a  letter  to  his  mother  of  the  same  date,  his  son  had  said  : — 

"  We  arrived  here  safely  to-day  at  1  p.m.  for  bunkers,  but  find  we  can't  get 
any  (coal)  till  to-morrow,  so  we  are  having  a  quiet  night  anchored  in  Ke  Lung 
Harbour.  We  got  to  Hong-kong  last  Saturday,  October  6,  but  got  orders  from 
the  Admiralty  to  proceed  to  Wei-hai-wei  to  discharge.  Apparently  the 
typhoon  was  terrible  in  Hong-kong,  as  the  report  there  was  that  10,000  lives 
had  been  lost  Of  course  that  was  not  Hong-kong  alone.  The  shipping  that 
was  affected  was  chiefly  coasting  steamers.  A  vessel  of  this  size  could  ride  it  out 
all  right  During  the  typhoon  we  were  having  light  variable  winds  and  calms. 
Pretty  well  all  the  ships  in  Hong-kong  Harbour  went  ashore,  but  only  one  sank, 
and  that  was  a  river  steamer." 

The  President  remarked  that  this  typhoon  had  been  a  very  serious  matter, 
not  only  because  of  the  damage  it  did,  but  also  because  it  threatened  the 
reputation  of  the  Observatory.  The  omission  of  an  early  warning  was  indeed 
considered  to  be  so  serious  that  a  Government  Commission  was  appointed  to 
investigate  the  matter.  They  took  a  great  deal  of  evidence,  which  was  care- 
fully discussed,  and  they  finally  issued  a  report  entirely  exonerating  the 
Observatory. 

He  thanked  the  author  of  the  paper,  and  also  Mr.  Bayard  for  reading  it  and 
for  his  remarks.  This  was  the  last  meeting  of  the  Society  for  the  session. 
They  would  meet  again  in  November,  he  hoped,  in  the  hospitable  Hall  of  the 
Institution  of  Civil  Engineers. 


Cones  foimed  by  Melting  Snow. 

Examples  of  a  peculiar  surface  form,  due  in  part  to  the  melting  of  snow,  are 
described  from  Iceland  and  the  Alps  respectively  by  Herr  Spethmann  and 
Professor  Bruckner  in  the  Zeitschrift  fur  Gletscherkunde,  vol.  ii.  pt  4.  The 
resemblance  of  the  fields  of  snow  cones,  of  which  photographs  are  given,  to  the 
*'  nieve  penitente  "  of  tropical  regions  is  sufficiently  great  to  suggest  a  similar 
origin,  though  this  is  not  pressed  by  either  of  the  writers  ;  in  fact,  Herr  Spethmann 
considers  the  phenomenon  in  Iceland  to  be  not  entirely  analogous  with  that  in 
the  Alps  even.  The  fields  which  he  observed  during  his  recent  expedition  to 
Iceland  consisted  of  cones  varying  in  height  from  half  an  inch  to  about  18  ins., 
and  were  covered  with  a  layer  of  volcanic  dust,  etc,  which  quite  concealed 
the  consolidated  snow  beneath.  They  occurred  on  level  or  gently  sloping 
ground,  and  appeared  to  be  in  no  way  dependent  on  the  orientation  of  the 
latter.  The  angle  of  slope  of  the  individual  cones  sometimes  reached  45°. 
From  the  fact  that,  where  not  covered  with  earthy  matter,  the  snow  showed  few, 
if  any,  irregularities,  Herr  Spethmann  concludes  that  the  cone  formation  is 
entirely  due  to  the  deposition  of  the  dust  by  the  wind  and  the  development  on 
its  suiface  of  ripple  marks  which  lead  to  a  differential  melting  of  the  snow 
beneath.  Professor  Bruckner's  example  is  from  the  Rhone  glacier,  and  shows 
equally  the  effect  of  an  original  ripple-marking  of  a  layer  of  dust  above  the 
snow. — Geographical  Journal^  September  1908. 
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DINNER  OF  THE  ROYAL  METEOROLOGICAL  SOCIETY. 

The  Annual  Dinner  of  the  Society  was  held  at  the  Trocodero 
Restaurant,  Piccadilly,  on  Tuesday  evening,  June  16,  1908. 

The  President,  Dr.  H.  R.  Mill,  was  in  the  chair,  and  the  company 
included  the  following  Fellows  and  guests. 


Mr.  E.  B.  Barnard,  M.P. 

Mr.  F.  Campbell  Bayard. 

Mr.  Clayton  Beadle. 

Mr.  A.  Boyle. 

Mr.  F.  J.  Bkodie. 

Mr.  A.  H.  Brown. 

Mr.  Eric  S.  Bruce. 

Capt.  W.  F.  Cabornk,  C.B. 

Mr.  C.  J.  P.  Cave. 

Mr.  J.  E.  Clark. 

Capt.  M.  H.  Clarke. 

Capt    R     Muirhead     Collins, 

C.M.G. 
Mr.  R.  Cooke. 
Mr.  J.  A.  Curtis. 
Dr.  G.  F.  Deacon. 
Mr.  F.  Druce. 
Mr.  F.  B.  Edmonds. 

Rev.  W.  ESDAILE. 

Mr.  H.  N.  Ffarington. 
Rev.  J.  C.  Fox. 
Dr.  Leedham  H.  Fuller. 
Mr.  W.  V.  Graham. 
Mr.  C.  Hawksley. 
Col.  R.  C.  Hellard,  C.B. 
Dr.  A.  J.  Herbertson. 
Rev.  H.  N.  Hutchinson. 


Mr.  R.  Inwards. 

Mr.  A.  P.  Jbnkin. 

Dr.  J.  Scott  Keltie. 

Mr.  Baldwin  Latham. 

Mr.  G.  B.  Latham. 

Mr.  R.  6.  K.  Lempfert. 

Dr.  E.  Lewys  Lloyd. 

Capt.  H.  G.  Lyons,  F.R.S. 

Mr.  W.  Marriott. 

Mr.  W.  J.  Marriott. 

Dr.  J.  D.  M'Clure. 

Mr.  R.  Mond. 

Mr.  R.  W.  Munro. 

Mr.  P.  P.  Pennant. 

Mr.  C.  Salter. 

Mr.  W.  Sedgwick. 

Sir  J.  Benjamin  Stone,  M.P. 

Dr.  A.  Strahan,  F.R.S. 

Mr.  G.  Talbot. 

Dr.  J.  J.  H.  Teali^  F.R.S. 

Mr.  A.  Watt. 

Dr.  C.  Theodore  Willlams. 

Representatives  of 

The  Daily  Telegraph. 

The  Morning  Post 

The  Standard. 

The  Times. 


The  President,  in  proposing  the  toast  of  "  The  King,"  said,  that  the 
Meteorological  Club  in  one  triple  toast  of  six  words  gave  expression  to  all  that 
on  this  more  formal  occasion  was  expanded  into  three  separate  speeches ;  the 
sentiment,  in  expanding,  however,  was  not  chilled.  When  welcoming  the  Presi- 
dent of  the  French  Republic  on  a  recent  auspicious  occasion,  the  King — if  they 
were  to  trust  the  Press,  and  if  they  could  not  trust  the  Press,  where  were  they  ? 
— first  spoke  appreciatively  of  the  fine  weather.  If  the  King,  on  such  an 
occasion,  spoke  first  of  the  weather,  then  surely  the  students  of  the  weather  at 
their  annual  festival  should  speak  first  of  the  King,  wishing  him  long  life  for 
his  magnificent  work  as  an  organiser  of  peace  among  the  nations,  and  always 
the  best  of  weather,  as  was  fitting  for  the  best  of  Kings. 

"  God  save  the  King." 

The  President,  in  proposing  the  toast  of  "  The  Queen,  the  Prince  of  Wales 
— Patron  of  the  Royal  Meteorological  Society — the  Princess  of  Wales,  and  the 
other  Members  of  the  Royal  Family,"  said  that  it  was  their  privilege  to  associate 
with  all  such  gatherings  the  names  of  the  Queen  and  the  Royal  Family.     Every 
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passing  year  showed  more  strongly  the  warm  interest  which  the  Queen  took  in 
all  matters  appertaining  to  the  welfare  of  the  nation  and  the  advancement  of 
science.  Their  Patron,  the  Prince  of  Wales,  was  preparing  to  cross  the  Atlantic 
to  participate  in  the  commemoration  of  the  origin  of  Canada,  and  at  the  same  time 
the  Society  which  he  honoured  hy  his  patronage,  was  sending  a  representative  to 
take  part  in  the  first  Conference  of  Meteorologists  of  the  Empire,  initated  hy 
the  Royal  Society  of  Canada,  and  to  be  held  in  Quebec  on  the  300th  anni- 
versary of  the  Foundation  of  that  city. 

"  God  bless  the  Prince  of  Wales." 

Dr.  C.  Theodore  Williams,  in  proposing  the  toast  of  "  The  Visitors,"  said 
that  it  was  his  great  privilege  to  propose  this  toast  Their  visitors  were  not 
only  great  but  good,  and  he  would  depend  upon  that  goodness  for  a  sympathetic 
acceptance  of  his  remarks.  He  could  not  be  expected  to  give  a  complete 
biography  of  the  many  guests  present.  They  greatly  regretted  the  unavoidable 
absence  through  indisposition  of  Lord  Strathcona,  who  would  otherwise  have 
been  the  guest  of  the  evening.  Lord  Strathcona  was  not  an  ordinary  man  ;  he 
was  a  great  personality  both  in  Canada  and  England.  He  was  a  broad-minded 
and  true  son  of  the  Empire,  and  a  generous  supporter  of  all  deserving  institu- 
tions. Canada  was  taking  a  great  lead  in  a  new  phase  of  meteorology  by  her 
action  in  summoning  the  first  Imperial  Conference,  at  which  the  Royal  Meteoro- 
logical Society  would  be  well  represented  by  its  President.  The  next  name  he 
had  on  the  list  was  that  of  Captain  R.  Muirhead  Collins,  who  was  looking  after 
the  interests  in  this  country,  of  the  Commonwealth  of  Australia.  The  various 
States,  which  were'  powerful  when  independent,  would  be  far  more  so  now  that 
they  were  federated.  Australia  was  the  only  country  that  had  organised  a  com- 
plete meteorological  service,  in  which  one  office  issued  daily  forecasts  for  a 
whole  continent.  Sir  Benjamin  Stone  was  a  great  promoter  of  public  enter- 
prises, and  was  also  well  known  for  his  photographic  work.  The  Society  owed 
much  to  photography,  for  it  depended  largely  upon  photography  for  obtaining 
many  of  its  records  ;  hail  stones,  lightning  flashes,  wonderfully  beautiful  forms 
of  clouds,  and  many  others.  Mr.  E.  B.  Barnard  was  the  head  of  one  of  the  most 
important  Water  enterprises  in  the  world,  nnd,  as  Chairman  of  the  Metropolitan 
Water  Board,  represented  a  body  which  was  greatly  interested  in  the  question 
of  rainfall  Dr.  Teall,  Col.  R  C.  Hellard,  the  Rev.  H.  N.  Hutchinson, 
Dr.  Scott  Eeltie,  Dr.  McClure  and  Dr.  Strahan  were  also  referred  ta  Dr. 
Theodore  Williams  then  gave  the  toast  of  the  ''  Visitors,"  coupling  with  it  the 
names  of  Captain  R.  Muirhead  Collins  and  Dr.  J.  D.  McClure. 

Captain  R.  Muirhead  Collins,  in  replying  to  the  toast,  apologised  for  his 
intrusion  on  the  Toast  List,  but  said  that  he  must  obey  the  orders  of  the 
President  He  greatly  regretted  that  Lord  Strathcona  was  not  present  to 
respond  to  the  toast.  He  himself  could  hardly  be  classed  among  the  "  good  and 
great,"  as  though  he  might  assume  the  goodness,  the  greatness  was  beyond  him. 
On  the  other  hand,  as  regards  the  other  guests,  he  could  not  answer  for  their 
goodness,  but  was  assured  of  their  greatness.  Australia  would  look  for  great 
things  from  its  Meteorological  Service.  They  relied  upon  a  thorough  knowledge 
of  weather  conditions  of  the  country  to  help  them  in  overcoming  certain  economic 
difliculties  as  they  arose.  Although  Canada  was  in  the  forefront  in  bringing 
the  meteorologists  of  the  Empire  together,  Australia  was  not  behind  in  its  fore- 
casting department,  and  the  fact  that  Australia  was  the  only  great  continent  that 
published  a  daily  weather  chart  had  been  referred  to  by  the  proposer  of  the 
toast  Federation  had  done  that  for  them,  and  in  federating  the  Meteorological 
Department  it  had  made  a  great  advance. 

Dr.  J.  D.  McClure,  replying  to  the  toast  in  a  humorous  speech  abounding 
in  anecdote,  said  that  he  thanked  the  Society  for  the  privilege  of  dining  with 
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them.  It  had  been  said  that  the  guests  were  a  wonderful  lot  of  people,  and  he 
was  sure  the  guests  agreed.  Such  a  truth  required  to  be  frequently  stated. 
He  did  not  think  any  of  them  had  been  more  fortunate  than  he,  for  at  his  table 
they  had  agreed  that  this  should  not  be  the  last  time  they  four  would  dine 
together.  When  at  Cambridge  he  had  been  taught  that  there  were  three  points 
to  be  observed  in  making  a  speech.  First,  to  spend  a  few  minutes  getting  to 
the  subject)  then  another  few  minutes  skating  round  it,  and  finally  a  few  minutes 
in  getting  away  from  it,  the  last  being  the  most  difficult  of  all,  but  with  renewed 
thanks,  he  would  resume  his  seat. 

Part  Song — "  Sweetly  blows  the  Western  Wind." 

Mr.  £.  B.  Barnard,  M.P.  (Chairman  of  the  Metropolitan  Water  Board), 
said  that  the  privilege  of  proposing  the  toast  of  the  evening — "The  Royal 
Meteorological  Society  " — fell  to  his  lot.  As  far  as  he  personally  was  concerned, 
it  was  a  novel  position  for  him  to  be  associated  with  the  Society,  and  he 
appreciated  it  with  no  mock  humility.  He  was  well  acquainted  with  the 
objects  and  aims  of  the  Society,  although  he  had  not  previously  been  associated 
with  them,  and  even  now  he  had  some  difficulty  in  pronouncing  the  name  of 
the  Society  clearly  ;  that  was  not,  however,  the  result  of  their  hospitality! 
The  Body  of  which  he  was  Chairman  had  to  concern  themselves  with  water 
when  it  arrived  on  the  ground,  and  they  took  advantage  of  the  statistics 
prepared  by  the  Society,  realising  that  the  real  source  of  their  water-supply  was 
the  clouds.  He  understood  that  the  Fellows  of  the  Society  discovered  facts  of 
great  interest  regarding  the  weather,  and  placed  their  results  before  the  public. 
Weather  prophets  were  a  reckless  race,  and  the  general  attitude  of  the  public 
towards  them  was  that  of  suspicion.  Engineers  and  geologists  walked  arm  in 
arm,  and  the  Society's  work  was  of  great  value  to  both  ;  it  was  done  unselfishly 
and  ungrudgingly.  They  were  collecting  and  collating  valuable  evidence,  and 
doing  so  honestly  and  to  the  best  of  their  ability  ;  giving  up  their  time  for  the 
sake  of  wider  knowledge.  He  found  that  the  Society's  figures  were  generally 
complete,  and  the  authority  he  represented  knew  the  value  of  sizing  them  up  to 
the  best  advantage. 

The  President  said  that  he  had  great  pleasure  in  responding  to  the  toast, 
and  he  thanked  the  proposer  for  his  frank  and  kindly  speech,  and  for  the  stress 
he  laid  on  the  importance  of  the  practical  applications  of  meteorology,  an 
aspect  which,  perhaps,  was  not  so  often  dealt  with  as  it  deserved  to  be. 

The  Society  had  prospered  in  the  past  year.  It  bore  its  fifty-eight  years 
lightly,  and  was  still  growing  younger  in  the  added  strength  of  new  Fellows. 
It  had  delighted  to  honour  the  distinguished  French  meteorologist,  M.  Teisserenc 
de  Bort,  with  the  Symons  Gold  Medal  for  his  magnificent  work  in  founding  the 
scientific  study  of  the  upper  air.  It  had  been  delighted  and  honoured  by  the 
eminent  chief  of  the  Prussian  Meteorological  Service,  Dr.  Hellmann,  whose 
unique  studies  of  old  records  enabled  him  to  expound  the  Dawn  of  Meteorology 
as  no  one  else  could,  and  who  pleased  them  by  recalling  how  prominent  a  part 
had  been  taken  by  English  students  of  weather  even  in  the  middle  ages. 

During  the  year  the  Society  had  endeavoured  to  stimulate  the  study  of 
Meteorology  in  elementary  schools  by  arranging  a  prize  essay  competition  on 
weather  and  climate  for  teachers.  It  was  gratifying  to  find  how  widely  the 
subject  had  been  taken  up,  for  nearly  200  essays  had  been  received.  The 
Society  hoped  to  base  upon  these  essays  a  systematic  syllabus,  and  to  direct  it 
into  fruitful  channels.  Education  in  the  matter  of  weather  study  was  necessary 
for  more  than  school  children.  Some  portions  of  the  daily  press  were  painfully 
credulous  and  uncritical  in  dealing  with  long-range  weather  predictions,  which 
were  pure  guesswork,  not  worth  the  while  of  a  scientific  man  to  confute,  though 
not  infrequently  very  confusing  to  the   untrained  mind.     The  Society  was 


Digitized  by 


Google 


DINNER  OF  THE  ROYAL  METEOROLOGICAL  SOCIETY  308 

quietly  endeavouring  to  find  out  the  laws  which  governed  the  weather, 
and  to  this  end  they  were  not  only  studying  the  occurrences  taking  place  in 
the  air  at  the  surface,  hut,  hy  means  of  balloons  and  kites,  they  were  assisting 
in  obtaining  records  of  what  was  happening  in  the  upper  regions  of  the 
atmosphere.  The  study  of  the  upper  air  was  unquestionably  the  most 
promising  field  of  work  at  the  present  time,  and  important  results  could 
confidently  be  expected  from  it 

While  the  Society  spent  much  time  in  forwarding  researches  which  would 
ultimately  benefit  the  public,  their  modest  light  was  not  set  on  so  high  a 
candlestick  as  they  humbly  thought  it  deserved.  They  received  no  assistance 
from  public  funds,  and  he  ventured  to  think  that  no  other  London  Scientific 
Society  of  equal  age,  of  equal  numbers,  or  of  equal  utility  was  unprovided  with 
free  rooms  in  a  Qovemment  building,  or  at  least  some  subsidy  towards  its 
maintenance.  They  received  no  recognition  either  in  the  way  of  representation 
on  the  Visiting  Bodies  of  such  institutions  as  the  Greenwich  and  Kew 
Observatories,  which  were  largely  devoted  to  Meteorology,  yet  similar  Societies 
concerned  with  other  activities  of  those  bodies  were  represented.  They  did 
not  complain,  though  they  were  conscious  of  the  anomaly  ;  and  it  was  well  to 
state  this  occasionally,  were  it  only  to  warn  the  public  not  to  measure  their 
aims  and  their  solid  achievements  by  the  easy,  though  not  always  just,  standard 
of  official  recognition.  The  aims  of  all  scientific  societies  were  necessarily  high, 
and  ought  to  be  sufficing,  but  it  was  none  the  less  an  incentive  to  have  them 
recognised.  They  had,  he  feared,  sometimes  allowed  their  higher  aspirations  to 
be  forgotten.  Perhaps  in  their  earlier  history  they  had  not  always  told  the 
outside  world  clearly  enough  that  they  were  not  simply  laying  up  a  wealth  of 
recorded  observations,  but  they  had  in  view  the  discussion  of  the  accumulated 
data  in  order  to  lead  further.  That  time,  if  it  ever  was,  had  passed.  They 
recognised,  and  they  did  not  hesitate  to  proclaim,  that  they  had  before  them  a 
problem  of  immense  complexity,  a  problem  subject  to  the  sway  of  innumerable 
and  almost  incalculable  influences,  not  always  capable  of  being  dealt  with  by 
methods  which  could  be  classified  under  one  of  the  great  branches  of  science. 
He  did  not  think  it  was  always  possible  to  deal  with  the  problems  of 
meteorology  by  laboratory,  or  experimental,  methods,  which  usually  involved 
the  pursuit  of  an  isolated  clue,  and  the  cutting  away  or  ignoring  of  disturbing 
causes,  which  were  really  as  essential  to  final  result  as  the  single  line  selected. 
Physicists,  chemists  and  astronomers,  he  was  almost  inclined  to  suspect,  were 
sometimes  apt  to  misjudge  the  meteorologist.  He  feared  that  at  times  they 
even  failed  to  appreciate  the  essentially  scientific  character  of  the  work  of  the 
student  of  the  forces  of  Nature  as  they  were  exemplified  on  the  land's  surface, 
in  the  water  and  in  the  air. 

The  title  of  their  Society  he  might  remind  them  was  not  limited  by  any 
territorial  restriction ;  they  were  a  Royal  Society  and  their  immediate  sphere 
included  all  the  Eing^s  dominions,  although  as  regards  one  small  branch  of  their 
work — the  collection  of  observations — they  did  not  invade  the  territory 
of  their  sister  Society  of  Edinburgh, — in  all  else  they  were  as  circum- 
ambient as  the  air  itself,  for  the  whole  atmosphere  was  their  parish. 
Nearly  a  quarter  of  their  Fellows  lived  outside  England  ;  the  address  of  35  was 
in  India,  of  34  in  Africa,  of  32  in  foreign  countries,  of  13  in  Australia  and 
New  Zealand,  but  only  of  two  in  Canada.  Was  it  any  wonder  that  the  Society 
was  sending  a  mission  to  the  Dominion  on  the  occasion  of  the  Pan- 
Meteorological  Conference  which  the  Royal  Society  of  Canada  had  convened ! 
They  hoped  to  see,  as  a  result  of  this  Conference,  a  closer  union  between 
the  working  meteorologists  of  the  Empire.  They  had  worked  long  for  it 
in  this  country,  and  now  that  the  Dominion  of  Canada  had  taken  the  first 
step   in  calling   the  Conference,   and   the  Commonwealth   of  Australia  had 
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responded  by  sending  the  chief  of  their  newly  created  Federal  Meteorological 
Service,  it  only  remained  for  India,  Africa,  and  the  Isles  of  the  Sea  to  fall 
into  line.     The  Sea  itself,  thanks  to  the  Navy,  was  there  already. 

Old  English  Mklodt. — "  Blow  high,  blow  low/ 

Mr.  Baldwin  Latham  said  that  he  had  very  great  pleasure  in  proposing 
the  toast  of  "  Kindred  Institutions."  Although  reminded  by  the  President  of 
the  somewhat  isolated  position  of  the  Society,  they  were  doing  good  work 
which  was  useful  to  other  institutions.  Many  institutions  depended  lai^ly 
upon  meteorology  ;  he  might  refer  to  the  Geological  Survey  and  Geological 
Society,  and,  if  he  might  be  permitted,  he  would  like  to  urge  upon  the 
Geological  Survey  to  take  a  leaf  out  of  the  book  of  the  United  States  Geological 
Survey,  who  not  only  studied  the  geology  of  the  country,  but  also  gauged  the 
rainfall,  published  records  of  rainfall,  the  flow  of  water  off  the  ground,  floods, 
low  water,  etc.,  which  were  always  ready  to  hand  in  carrying  out  water  works 
investigations,  and  were  of  immense  value.  They  did  not  trespass  upon  the 
borders  of  the  Scottish  Meteorological  Society,  but  worked  with  them  with  a 
good  will.  The  Meteorological  Oflice  was  the  only  department  issuing  fore- 
casts in  advance,  and  these  were  only  for  a  limited  period.  The  Institution 
of  Civil  Engineers  had  many  members  who  took  a  great  interest  in  meteorology, 
and  some  of  the  past  Presidents  of  the  Institution  had  also  been  prominent 
Fellows  of  the  Society.  The  Institution,  as  a  body,  gave  the  Society  encourage- 
ment by  placing  their  splendid  meeting-room  at  the  disposal  of  the  Society. 
The  Ordnance  Survey  was  a  body  upon  which  they  relied  for  the  making  of 
their  maps ;  they  had  kept  meteorological  and  other  records  in  the  past,  though 
they  did  not  seem  to  do  so  at  present.  The  Royal  Geographical  Society  were 
doing  good  service  in  exploration.  The  Aeronautical  Society  aided  them  in 
the  study  of  the  upper  air.  Last,  but  not  least,  he  would  mention  the  British 
Rainfall  Organization,  most  valuable  for  its  study  of  the  fluctuations  of  the 
water-supply.  It  was  started  by  the  late  Mr.  G.  J.  Symons,  who  might  well 
be  considered  its  patron  saint,  and  it  was  being  continued  by  the  occupant  of 
the  Presidential  chair,  Dr.  H.  R  Mill,  and  could  not  be  in  better  hands.  With 
the  toast  he  would  couple  the  names  of  Dr.  J.  J.  H.  Teall,  F.RS.,  Capt  H.  G. 
Lyons,  F.R.S.,  and  Mr.  Andrew  Watt. 

Dr.  J.  J.  H.  Tball  said  that  he  regarded  it  as  a  great  honour  to  be  the 
first  to  reply  to  the  toast,  especially  as  some  other  Institutions  might  seem  to 
have  a  prior  claim  to  this  distinction.  If  he  might  be  permitted  to  refer  to 
Mr.  Baldwin  Latham's  critical  remarks  about  the  Geological  Survey,  he  could 
only  say  that  he  entirely  sympathised  with  those  remarks.  It  always  seemed 
to  him  that  the  bearing  of  the  work  of  the  Geological  Survey  in  economic 
matters  was  particularly  in  two  directions,  i.e.  that  of  coal-mining,  and  that 
of  water-supply  and  sanitation.  He  was  well  aware  that  their  work  in  the 
latter  direction  would  not  bear  comparison  with  that  of  the  Institution  referred 
to,  but  he  would  like  to  mention  that  during  the  past  few  years  they  had  done 
something.  The  Geological  Survey  had  published  a  series  of  memoirs  on  the 
underground  water-supply  of  Counties,  and  had  been  fortunate  in  securing  the 
services  of  Dr.  Mill  to  prepare  a  series  of  rainfall  maps  for  incorporation  in 
those  memoirs.  He  would  also  point  out  that  a  Committee  of  tlie  Royal 
Geographical  Society,  of  which  his  colleague,  Dr.  Strahan,  was  a  member,  were 
making  a  study  of  certain  river  basins  from  the  point  of  view  which  Mr. 
Latham  had  referred  to.  The  Geological  Survey  and  Geological  Society  were 
classed  as  kindred  Institutions,  and  if  time  permitted,  it  would  not  be  diflicult 
to  prove  the  legitimacy  of  their  claim  to  that  position.  Dr.  Williams  had  said 
that  in  a  certain  sense  geology  was  a  monument  to  meteorology  ;  and  this  was 
undoubtedly  true,  for  many  rocks  gave  evidence  of  the  meteorological  condi- 
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tiouB  under  which  they  were  formed.  It  is  now  known^  for  example,  that  arid 
climates  have  prevailed  more  than  once  in  Northern  Europe,  and  that  glacial 
conditions  have  occurred  at  different  periods  of  the  world's  history  and  in 
different  places.  He  referred  also  to  the  work  of  Mr.  Harmer  on  the  influence 
of  the  winds  upon  climate  during  the  Pleistocene  epoch,  and  concluded  by 
expressing  the  hope  that  some  day  or  other  weather  charts  of  the  world  would 
be  issued  under  the  auspices  of  the  Royal  Meteorological  Society. 

Captain  H.  G.  Ltonb  said  that  he  supposed  he  had  been  selected  to  reply 
to  the  toast  of  "  Kindred  Institutions  "  because  he  was  conversant  with  an  area 
outside  the  British  Islea  His  knowledge  was  not  world-wide,  but  only 
extended  to  the  land  of  Egypt,  the  Sudan  and  the  Nile.  Mr.  Baldwin  Latham 
had  referred  to  the  question  of  rainfall  and  river  variations,  but  in  Egypt  they 
had  next  to  none  of  the  one,  and  only  one  of  the  other.  In  a  small  country 
like  Egypt  some  concentration  of  work  was  necessary,  and  the  Survey  Depart- 
ment had  to  collect  observations  relating  to  more  than  one  science ;  thus  the 
meteorological  and  geological  work  fell  to  the  lot  of  one  Department.  The 
opening  up  of  the  Sudan  was  of  recent  date,  but  they  were  gradually 
establishing  a  network  of  stations  from  which  they  hoped  to  receive  valuable 
results,  for  the  rise  and  fall  of  the  Nile  entirely  depended  upon  the  rainfall  of 
the  Abyssinian  mountains,  and  this  was  a  part  of  the  great  monsoon  system 
of  the  Indian  Ocean.  But  though  observations  were  essential,  their  discussion 
and  study  must  not  be  allowed  to  fall  into  arrears  ;  when  the  Survey  Depart- 
ment took  over  the  control  of  the  Abassia  Observatory,  he  had  found  a  pile 
of  documents,  and  on  making  enquiry  concerning  them,  found  they  were  the 
result  of  daily  observations  taken  at  2.30  p.m.,  which  were  made  in  answer  to 
an  enquiry  received  some  fifteen  years  previously.  The  name  and  address  of 
the  person  making  the  enquiry  had  been  lost,  but  the  observations  had  been 
allowed  to  go  on  accumulating ;  they  had  now  been  compiled,  and  so  were  not 
entirely  useless.  He  could  fully  sympathise  with  Dr.  Mill  on  the  problem  of 
meteorological  observations  to  which  he  had  referred.  The  climatic  con- 
ditions of  north-east  Africa  were  less  complex  than  in  many  parts  of  the 
British  Empire,  and  the  solution  of  the  various  problems  should  prove  a  less 
difficult  task.  The  climate  of  Egypt  was  not  always  as  arid  as  it  is  to-day. 
There  were  opportunities  for  meteorological  observations  everywhere,  and  simple 
observations,  if  made  carefully  and  conscientiously,  would  always  be  of  value. 

Mr.  Andrew  Watt,  in  responding  to  the  toast  of  "  Kindred  Institutions," 
said  that  it  was  a  great  honour  to  reply  in  such  a  goodly  company  for  the 
Scottish  Meteorological  Society.  It  was  indeed  a  very  significant  courtesy  that 
the  name  of  the  Scottish  Society  should  appear  on  the  Toast  List.  Beyond  all 
other  sciences  that  of  Meteorology  should  be  independent  of  international 
boundaries,  and  it  was  fortunate  for  the  happy  relations  between  Scotland  and 
England  that  the  Royal  Meteorological  Society  had  for  at  least  one  term  of  office 
a  Scot  in  its  Presidential  chair.  As  regards  the  distinguished  Director  of  the 
Meteorological  Office,  he  might  recall  a  story  of  a  Scot  who  was  somewhat  boaf>t- 
fully  upholding  the  literary  fame  of  his  country.  **  There's  Robbie  Bums,"  he 
said,  "a  Scotsman  ;  Sir  Walter  Scott,  a  Scotsman  ;  Thomas  Carlyle,  a  Scotsman. 
They're  all  Scotsmen.''  "  Yes,"  said  an  Englishman,  ^  but  what  about  Shake- 
speare ? "  "  Well,"  was  the  reply,  "  I'm  not  just  prepared  to  aver  that  Shake- 
speare was  a  Scotsman  ;  but  this  I  will  say,  that  his  abilities  would  justify  the 
inference."     And  so  of  Dr.  Shaw,  if  he  was  not  a  Scot^  he  might  have  been. 

Part  Song. — "  Our  Ship  now  goes  with  the  Pleasant  Gale." 

Mr.  F.  Campbell  Bayard  in  a  few  words  proposed  a  vote  of  thanks  to  the 
Chairman,  remarking  that  they  all  knew  what  Dr.  Mill  had  done  for  the 
Society.     At  a  great  sacrifice  of  time  he  had  decided  to  represent  the  Society  at 
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tLe  Meteorological  Conference  in  Canada.  They  all  wiBhed  him  a  pleasant 
voyage. 

The  President,  in  expressing  his  thanks,  referred  to  the  novel  arrangement 
of  the  tables,  and  hoped  that  by  arranging  the  party  in  little  groups  of  four  the 
social  opportunities  of  the  evening  had  been  turned  to  the  best  account. 

Quartet. — "  Lovely  Night." 

The  proceedings  then  terminated. 

The  Music  was  under  the  direction  of  Mr.  H.  Schartau. 


PROCEEDINGS   AT   MEETINGS   OF   THE    SOCIETY. 


May  20,  1908. 

Ordinai-y  Meeting, 

Dr.  Hugh  Robert  Mill,  President,  in  the  Chair. 

Robert  Vadghan  Gower,  Ferndale  Lodge,  Tunbridge  Wells  ; 
David  Hanson,  Salterlee,  Halifax  ; 
William  Francis  Keates,  Cannelton,  Indiana,  U.S.A. ; 
Albert  Lancelot  Lang,  3  Avenue  Road,  Isleworth,  W. ; 
Wilfrid  Ravenshawe  Fellowes  Ldkis,  Yokohama,  Japan ; 
Samuel  James  Adgcstus  Mills,  Preston  Road,  Blackburn  ; 
Basil  Ronalds,  Swainshill,  Hereford ;  and 
Capt  Hugh  Williams,  Ismailia,  Egypt, 
were  balloted  for  and  elected  Fellows  of  the  Society. 

The  President  8aid  that  before  commencing  the  regular  business,  he 
would  like  to  remind  the  Fellows  present  that  the  Annual  Dinner  of  the 
Society  would  take  place  at  the  Trocadero  Restaurant  on  Tuesday,  June  16. 
He  wished  to  impress  upon  them  the  importance  of  being  present  and  also 
bringing  their  friends.  The  Society  was  inviting  a  certain  number  of 
distinguished  guests,  and  one  of  them.  Lord  Strathcona,  the  High  Commissioner 
for  Canada,  had  already  accepted  the  invitation.  The  President  stated  that 
the  Society  was  taking  part  in  a  Conference  of  Meteorologists .  of  the  British 
Empire  called  by  the  Royal  Society  of  Canada  to  meet  in  Quebec  in  July. 
This  was,  he  believed,  the  first  occasion  in  which  one  of  the  Colonies  had  taken 
the  initiative  in  bringing  together  a  scientific  Conference.  The  Dinner  would 
take  place  before  the  next  meeting  of  the  Society,  and  he  trusted  that  country 
members  arriving  for  one  function  would  remain  for  the  other. 

The  following  communications  were  read  : — 

1.  "Upper  Air  Observations  in  Egypt."  By  B.  F.  E.  Keeling,  M.A. 
(p.  259). 

2.  "Balloon  Experiments  in  Barbados,  November  6-8,  1907."  By 
Professor  J.  P.  D' Albuquerque,  M.A.  (p.  265). 

3.  "Observations  on  the  Colour  of  Lightning,  made  at  Epsom, 
1903-1907."     By  Spencer  C.  Russell,  F.R.Met.Soc  (p.  271). 


June  17,  1908. 

Ordinary  Meeting. 
Dr.  Hugh  Robert  Mill,  President,  in  tbe  Chair. 
Arthur  Capel  Valentine  Raines,  Somerset  East,  Cape  Colony  ; 
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James  Nicoll  Hood,  Woodside,  Muirfield  Road,  Invemeas ; 
Bertram  Francis  Eardlet  Keeling,  M.A.,  Helw&n,  Egypt; 
Vincent  Claude  Large,  5  Ashbourne  Road,  Fulwood  Park,  Liverpool ; 
Hon.  Charles  Stewart  Rolls,  M.A.,  South  Lodge,  Rutland  Gate,  S.W.;  and 
Capt.  Thomas  Shailbr  Weston,  18  Clarendon  Road,  HoUand  Park,  W.  ; 
were  balloted  for  and  elected  Fellows  of  the  Society. 

The  following  communications  were  read : — 

1.  "An  Elementary  Explanation  of  Correlation:  Illustrated  by 
Rainfall  and  Depth  of  Water  in  a  Well."  By  R.  H.  Hooker,  M.A., 
F.RMetSoc  (p.  277). 

2.  "The  Hono-Eong  Typhoon,  September  18,  1906."  By  Lawrence 
Gibes,  Assoc. M.InstC.E.  (p.  293). 


CORRESPONDENCE  AND  NOTES. 

The  Franco-Biitish  Sxhibition  and  Meteorology. 

The  Executive  Committee  of  the  Franco-British  Exhibition,  when  arranging 
for  the  Exhibition  at  Shepherd's  Bush,  decided  to  organise  a  British  Science 
Section,  which  should  deal  with  all  forms  of  scientific  research,  and  should 
include  historical  apparatus,  which  has  aided  in  the  advancement  of  scientific 
knowledge.  A  building  containing  14,000  square  feet  of  floor  space  was  erected 
for  the  purpose,  and  a  Science  Committee  appointed  for  carrying  out  the  scheme. 
Subsequently,  for  the  purposes  of  organisation,  fifteen  sub-committees  were 
formed.  That  for  Meteorology  consisted  of  Mr.  W.  W.  Bryant,  Major  Baden- 
Powell,  Mr.  E.  S.  Bruce,  Capt  E.  W.  Creak,  F.R.S.,  Dr.  C.  Chree,  F.R.S.,  Mr. 
R  H.  Curtis,  Capt.  C.  Hepworth,  Mr.  R.  G.  K.  Lempfert,  Dr.  W.  J.  S.  Lockyer, 
Mr.  W.  Marriott,  Dr.  H.  R.  Mill,  Mr.  W.  E.  Plunimer,  Dr.  A.  A.  Rambaut, 
F.RS.,  Dr.  W.  N.  Shaw,  F.R.S.,  and  Mr.  C.  T.  R  Wilson,  F.RS.  Dr.  Shaw 
was  the  convener. 

A  large  and  interesting  collection  of  valuable  instruments,  apparatus,  maps, 
charts,  diagrams,  photographs,  books,  models,  etc.  has  been  got  together,  and  this 
forms  an  important  section  in  the  Science  building. 

The  Exhibits  are  arranged  under  the  following  sections : 

A.  Collection   and   discussion    of    observations   from    Warships    and    the 

Mercantile  Marine. 

B.  Observatories. 

C.  Climatology. 

D.  Rainfall  and  Hydrometrical  Statistics. 
R  Telegraph  Reporting. 

F.  Experimental  Investigations. 

G.  Illustrations  of  Meteorological  Work  of  Special  Character. 
H.  History  and  Literature  of  Meteorology. 

I.  Atmospheric  Electricity. 

The  principal  exhibits  have  been  lent  by  the  Meteorological  Ofiice,  the 
Royal  Meteorological  Society,  the  National  Physical  Laboratory,  the  Royal 
Observatory,  Greenwich,  the  Radcliffe  Observatory,  Oxford,  and  Dr.  H.  R.  Mill. 
Other  exhibits  have  been  contributed  by  Mr.  J.  Aitken,  F.RS.,  Mr.  E.  S.  Bruce, 
Mr.  A.  W.  Clayden,  Messrs.  J.  W.  Gray  and  Sons,  Dr.  W.  J.  S.  Lockyer,  Mr. 
W.  Marriott,  Mr.  W.  R  Plummer,  Mr.  J.  Tennant,  and  Capt  D.  Wilson-Barker. 

It  was  intended  that  a  working  Climatological  Station  with  instruments  in 
position  should  be  equipped  by  the  Royal  Meteorological  Society  in  the  grounds 
of  the  Exhibition,  and  that  observations  should  be  made  daily  at  9  a.m.  and  9  p.m. 
Unfortunately,  the  Exhibition  authorities  did  not  provide  a  site  suitable  for  the 
exposure  of  the  instruments,  so  the  station  could  not  be  arranged. 
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Baronietric  Gradient  and  fFind  Force.  Report  to  the  Director  of  Vie 
Meteorological  Office  on  the  Calculation  of  fFind  Velocity  from  Pressure 
Distribution,  and  on  the  Variation  of  Meteorological  Elements  with 
Altitude,  By  Ernest  Gold,  M.A.  Published  by  the  Authority 
of  the  Meteorological  Ck)mmittee.  London,  1908.  4to.  44  pp. 
and  15  pi.     Official  Copy,  M.O.  Na  190. 

This  paper  is  divided  into  two  sections.  The  first  deals  with  the 
calculation  of  wind  yelocities  from  the  distribution  of  the  isobars  according  to 
the  theory  of  Ferrel,  and  Guldberg  and  Molin.  Tlie  second  contains  an 
account  of  the  results  obtained  from  kite  and  balloon  ascents  in  Germany  and 
in  England  during  1905  and  1906,  and  a  comparison  between  the  values 
obtained  for  the  wind  velocity  and  direction  at  1000  metres  altitude  by 
experiment  and  according  to  calculation. 

Dr.  Shaw,  in  the  preface  to  this  Report,  points  out  that  the  relation  of  wind 
force  to  barometric  gradient  is  a  fundamental  question  in  modern  meteorology. 

Maryland  Weather  Service,     Volume  II.     Baltimore,  1907.     8vo.  515  pp. 

This  is  the  second  of  a  series  of  Reports  dealing  with  the  climatic  features 
of  Maryland.  The  first  volume  issued  by  this  Service  was  general  in  character, 
and  presented  all  that  was  then  known  regarding  the  physiography  and 
meteorology  of  the  State.  The  present  volume  contains  a  very  exhaustive 
'*  Report  on  the  Climate  and  Weather  of  Baltimore  and  Vicinity,"  and 
represents  the  results  of  many  years'  study  of  the  Baltimore  region.  It  is 
doubtful  if  the  weather  of  any  district  has  been  so  thoroughly  studied  as  this 
region  has  been  by  Dr.  Fassig. 

The  Report  is  divided  into  two  parts.  The  first  deals  with  the  average 
and  extreme  values  of  the  meteorological  elements  recorded  in  the  city  of 
Baltimore.  The  discussion  is  based  upon  observations  extending  over  a  period 
of  nearly  a  century.  The  second  part  deals  with  types  of  weather  experienced 
in  Baltimore  and  tlie  vicinity.  The  Report  ia  profusely  illustrated,  being 
accompanied  by  24  plates  and  173  illustrations,  many  of  which  are  in  colours. 

A  summary  of  the  principal  climatological  results  for  the  years  1871-1904 
are  given  in  the  following  table  : — 


Monthly  Results  of  Climatolooical  Observations,  Baltimore,  1871-1904. 
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National  Antarctic  Expedition^  1901-1904.  Meteorology^  Part  L  Observa- 
tions at  Winter  Quarters  and  on  Sledge  Journeys,  with  Discussions  by 
Fai-ious  Authors,  Prepared  under  the  Superintendence  of  the  Director 
of  the  Meteorological  Office  with  the  Co-operation  of  a  Committee  of 
the  Koya]  Society.  Published  by  the  Royal  Society,  1908.  4to. 
London.     (14  +  548  pp.,  15  plates,  and  5  charts.) 

The  meteorological  work  of  this  Expedition  was  under  the  charge  of  Lieu- 
tenant C.  Royds,  who  gave  a  very  interesting  account  of  the  work  done,  and 
the  difficulties  which  had  to  be  contended  with,  at  the  Meeting  of  the  Eoyal 
Meteorological  Society  in  November  1904.     {Quarterly  Journal,  31,  1905,  p.  1.) 

This  volume  contains  the  meteorological  Journal  of  the  Discovery,  giving 
two-hourly  observations  from  February  9,  1902,  to  February  15,  1904,  and 
in  addition  the  meteorological  observations  made  at  Erebus  Island  Camp,  lat. 
77°  51'  S.,  long.  166**  45'  W.,  and  on  the  various  sledge  journeys  from  winter 
quarters,  are  printed  in  extenso.  These  observations  extend  over  246  pages. 
Summary  tables  of  the  Discovery  Expedition,  and  of  the  German,  Swedish,  and 
Scottish  National  Exptfditions,  are  also  given,  together  with  those  of  the  relief 
ship  Morning.  The  results  have  been  discussed  in  the  following  papera,  which 
are  printed  in  the  volume: — "Climatology  of  South  Victoria  Land,  and  the 
Neighbouring  Seap,"  by  M.  W.  Campbell  Hepworth  ;  **  Notes  on  the  Observations 
of  Temperature  of  the  Winter  Quarters  of  the  Discovery,"  by  Dr.  Charles  Chree  ; 
''  Notes  on  Open-air  Temperature,  Stream  Temperature,  and  on  Terrestrial  Badia- 
tion,'^  by  W.  H.  Dines  ;  **  Notes  on  the  Readings  of  the  Aspiration  Psychrometer 
and  of  the  Dry  and  Wet-bulb  Thermometers,  and  on  the  Observations  of  Evapora- 
tion and  Precipitation,  and  of  the  Evaporation  of  Ice,"  by  W.  H.  Dines  ;  "  Notes  on 
the  Observations  of  Barometric  Pressure,"  by  R.  H.  Curtis  ;  "  Discussion  of  the 
Observations  of  the  Direction  and  Force  of  Wind  at  Winter  Quarters  and  on  the 
Sledge  Journeys,"  by  R  H.  Curtis  ;  ^*  Notes  on  the  Records  of  Sunshine  and  the 
Observations  of  Clouds,"  by  R  H.  Curtis  ;  and  "  Discussion  of  the  Observations 
of  Atmospheric  Electricity,"  by  C.  T.  R  Wilson.  Lieutenant  Royds  contributes 
some  notes  on  the  meteorological  instruments  and  their  exposure ;  and  Dr. 
E.  A.  Wilson  a  series  of  beautiful  ])lates  illustrating  solar  and  cloud  phenomena. 
Dr.  Shaw,  in  the  preface,  suras  up  what  appear  to  be  the  salient  features  of  the 
climate,  according  to  the  two  years*  experiences  of  the  explorers,  as  follows  : — 

"Although  the  winter  quarters  were  regarded  as  an  exceptionally  waim 
position  in  relation  to  others  in  the  locality,  temperature  ranged  from  a  maximum 
of  only  42°  F,  to  a  minimum  of  -  bS'^'Z  F.  Fluctuations  are  extraordinarily 
rapid  and  violent  at  all  seasons  ;  they  are  sometimes,  but  not  always,  associated 
with  changes  of  wind  direction.  Polar  winds  often  bring  with  them  an  increase 
of  temperature. 

"  The  daily  range  is  large  in  consequence  of  the  sudden  fluctuations,  but  the 
mean  diurnal  variation,  as  represented  by  the  average  of  the  two-hourly  read- 
ings, amounts  to  only  3°  in  midsummer  and  1"*  in  midwinter.  The  time  of 
maximum,  as  regards  the  latter,  is  rather  dubious,  but  there  is  evidence  of  a 
diurnal  and  semidiurnal  oscillation  of  temperature  even  in  the  Antarctic  night 

'*  The  summers  were  remarkably  cold.  Very  few  days  gave  a  mean  tempera- 
ture above  the  freezing-point.  The  highest  mean  temperature  for  any  month 
was  26*'-2  F.,  the  lowest  -2r-0  F.  The  air  is  lemarkably  dry  and  trans- 
parent, fog  is  comparatively  infrequent ;  precipitation  is  slight,  but  there  may 
be  deep  drifts  of  snow.  Sunshine  is  remarkably  abundant ;  the  total  for  1903 
equalled  that  for  Scilly,  and  in  December  of  that  year  an  average  of  16  hours 
per  day  was  registered.  The  sun's  rays  are  intensely  hot,  and  terrestrial 
radiation  extremely  vigorous. 

"Pressure  ranged  between  30*181  and  28-140  ins.,  the  two  extremes  occur- 
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ring  in  consecutive  months  of  1902.  The  barometer  stands  high  as  compared 
with  the  values  obtained  for  other  positions  in  the  Antarctic.  The  sequence  of 
pressure  changes  as  shown  on  the  barographic  records  presents  no  very  note- 
worthy peculiarities,  and  the  use  of  the  barometer  for  anticipating  coming 
weather  is  less  effective  than  in  this  country. 

"  The  pressure  observations  show  the]  common  semidiurnal  oscillation.  It 
amounts  to  0*002  in.,  with  maxima  at  about  10  a.m.  and  10  p.m.  at  all 
seasons  of  the  year.  The  variation  of  24  hours'  period  has,  on  the  average,  an 
amplitude  of  twice  that  amount,  but  the  times  of  maximum  are  different  at 
different  seasons. 

"  The  changes  of  pressure  in  high  southern  latitudes  may  be  regarded  as 
associated  with  the  passage  of  cyclonic  depressions  much  in  the  same  way, 
mtUatis  mutandis,  as  elsewhere. 

"  The  surface  winds  are  chiefly  Easterly.  Northerly  and  Southerly  winds 
occur,  but  winds  from  between  the  South-west  and  North-west  are  almost  un- 
known. The  chief  characteristic  of  the  wind  is  its  gustiness.  Gales  are  ex- 
perienced from  every  quarter  between  North-east  round  to  South-west  on  the 
Eastern  side,  but,  on  the  whole,  they  are  not  so  frequent  as  in  the  British  Isles. 

"The  direction  and  motion  of  the  lower  clouds  may  be  from  any  point  of  the 
compass.  The  resultant  is  a  moderate  frequency  from  the  South-east ;  there  is 
a  marked  deficiency  as  regards  the  West 

"  The  resultant  motion  of  smoke  from  Mount  ErebuB  is  from  the  South  and 
West,  and  that  of  the  upper  clouds  from  the  West. 

*'  Subject  to  some  uncertainty  on  the  state  of  the  instrument,  the  mean 
electric  force  potential  is  rather  lower  than  at  Kew,  but  abnormally  high  in 
drifting  snow  or  ice  crystals.  A  diurnal  variation  is  shown  in  summer  with 
a  maximum  in  the  middle  of  the  day,  and  a  minimum  in  the  early  morning 
hours.  The  seasonal  variation  has  a  maximum  in  summer  and  a  minimum  in 
winter. 

"  No  relation  is  shown  between  potential  and  aurora." 

The  observations  and  results  given  in  this  volume  are  a  most  valuable 
addition  to  our  knowledge  of  the  conditions  of  the  Antarctic  regions. 

There  still  remain  for  publication  the  discussions  of  the  special  features  of 
the  traces  from  the  recording  instruments,  obtained  at  the  winter  quarters,  and 
of  about  one  thousand  synchronous  charts  of  the  regions  south  of  30**  S.  lat 
which  have  already  been  prepared  from  the  daily  observations  at  Greenwich 
noon  contributed  by  international  co-operation. 


METEOROLOGICAL  LITERATURE. 

The  following  titles  of  papers  bearing  on  Meteorology  have  been 
selected  from  the  contents  of  some  of  the  periodicals  and  serials  which 
have  been  received  in  the  Library  of  the  Royal  Meteorological  Society. 
This  is  not  a  complete  list  of  all  the  published  meteorological  articles,  but 
only  shows  those  that  appear  to  be  of  more  general  interest. 

Abbot,  C.  O.,  and  Fowle,  F.  E.,  Jr.— Recent  Determinations  of  the  Solar  Constant  of 
Radiation.     Terrestrial  Magnetiam^  Baltimore^  18,  1908  (79-82). 

Angot,  A. — Sur  le  calcul  des  observations  pliiviom^triquea.     Ann.  Soc.  Mit.  France, 
Paris,  56,  1908  (125-128). 

Angot,  A. — Sur  la  mesure  de  la  neige.     Amu  Soc,  MH,  France,  Paris,  56,  1908  (167- 
159). 

Barnes,  H.  T.— Formntion  of  ground-  or  anchor-ice,  and  other  natural  ice.     Nature, 
London,  78,  1908  (102-104). 


Digitized  by 


Google 


METEOROLOGICAL  LITEEIATURE  311 

Bates,  Bey.  D.  C. — Report  upon  Dry  Period  and  Rain-making  Experiments  at  Oamaru, 
New  Zealand.    Synions'  Met.  Mag.,  London,  48,  1908  (107-111,  137-138,  156-159). 

Blair,  W.  B. — Upper  Air  Temperatures  for  January,  February,  and  March.  Bidl.  MowU 
Weather  Obsy.,  Waahington,  1,  1908  (176-206  and  4  plates). 

Brazier,  C.  E. — Rechorches  experimen tales  sur  la  compensation  des  barographes  aneroi'des 
des  syst^mes  Richard  et  Naudet  Ann,  Soc.  M4t.  France,  Paris,  56,  1908  (165- 
169). 

Bmnlies,  H.  B. — Sur  la  mesure  directe  de  la  compoaante  verticale  du  magnetisme 
terrestre.     Ann.  Soc.  Mil.  France,  Paris,  56,  1908  (129-131). 

Bryant,  W.  W. — A  Singular  Atmospheric  Storm  at  the  Royal  Observatory,  Greenwich, 
July  12,  1908.     Observatory,  London,  31,  1908  (313-315). 

Buchanan,  J.  £.— Early  Meteorological  Data  for  Saline,  Mich.  MoiUhly  Weaiher  Rev., 
Washington,  86,  1908  (105-107). 

Bnrbank,  J.  £.— Some  Microseismic  Tremors  and  their  Apparent  (Connection  with 
Barometric  Variations.     Terrestrial  Mag.,  Baltimore,  18,  1908  (1-20). 

Galyert,  P.  P.— A  Collection  of  Mean  Annual  Temperatures  for  Mexico  and  Central 
America.     Monthly  Weather  Rev.,  Washington,  86,  1908  (93-97). 

Cleef,  E.  van.— 1h  There  a  Type  of  Storm  Path  ?   Monthly  WeatJier  Rev.,  Washington,  86, 

1908  (56-58). 
Ck>rdeiro,  F.  J.  B.— Die  Vorherbestimmung  der  Bahnen  der  Orkane.     Meteor.  Zeits., 

BrunsvHck,  26,  1908  (201-206). 

Danneyig,  H.  C. — On  Some  Pecidiarities  in  oar  Coastal  Winds  and  their  Influence  upon 

the  Abundance  of  Fish  in  Inshore  Waters.  J.  Roy.  Soc,  N.S.  W.,  41, 1907,  Sydney, 

1908  (27-45). 
Dennett,  F.  C— -The  Brilliant  Midnight  Heavens  of  July  1  and  2  (1908).     Knowledge, 

Lo7idon,  5,  1908(187-188). 
Dnokworth,  A.— A  Comparison  of  the  Rainfall  of  Sydney  and  Melbourne,  1876-1905. 

J.  R)y.  Soc.,  N.S.  W.,  41,  1907,  Sydney,  1908  (190-196). 

Du  Fanr,  E.— The  Effect  of  the  Polar  Ice  on  the  Weather.  J.  Roy.  Soc.,  N.S.  W.,  41, 
1907,  Sydney,  1908  (176-189). 

Fexnie,  F. — Notes  on  Some  Lightning  Discharges.     Elect,  Rev.,  Lo7idon,  68,  1908  (314- 

315). 
Field,  J.  H. — Kite  Flights  made  at  Belgaum  during  the  Premonsoon  and  Monsoon  Periods 

in  1906.     Indian  Mel.  Memoirs,  Calcutta,  20,  1908  (19-32  and  14  pi.). 
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Paris,  56,  1908  (132-134). 
Gayer,  C.  8. — ^The  Evaporating  Power  of  the  Air  at  the  New  York  Botanical  Garden. 

Monthly  Weather  Reo.,  Washington,  86,  1908  (63-64). 
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Ozeans  und  von  Nordwest  und  Mitteleuropa.  Ann.  d,  Hydrog.  u,  Marit.  Met,, 
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Die  Eisverhaltnisse  an  den  deutschen  Kiisten  im  Winter  1907-08.  Ann.  d.  Hydrog. 
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Hill,  W.— The  Whirlwind  in  North  Hertfordshire  on  June  4,  1908.  Symons'  Met. 
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JoMtor,  K. — Die  Fohnerscheinangen  im  Riesengebirge.  Wetter^  Berlin,  25,  1908^ 
(102-106). 

Uhler,  KarL— Registrierangen  des  luftelektrischen  Potentialgeralles  rd  nabe  benacb- 
barten  Stationen.     MeUor.  Zeits,,  Brungunck,  28,  1908  (155-162,  289-299). 

Kimball,  H.  H.— A  new  Formula  for  Computing  tbe  Solar  Constant  from  Pyrbeliometric 
Observations.    MmUhly  Weather  Rev,,  WashinffUm,  M,  1908  (108-110). 

Knoeh,  K. — Die  Entwicklung  unserer  Kenntnis  des  Windschutzes  bei  der  Aufstellung 
der  Regenmesser.     JVetUr,  Berlin^  25,  1908  (97-102,  129-131,  151-158). 

Kremir,  J.— Zum  Klima  Ton  Sitka.     MeUar.  ZeUs.,  Brunsunck,  25,  1908  (315-321). 

Eitmuir,  V. — Der  Einfluss  der  Grossstadte  auf  die  Luftfeucbtigkeit.  MeUor.  Zeils,, 
Brunswick,  25,  1908  (206-216). 

Lockyer,  W.  J.  S.— "Ribbon"  or  "Band"  Lightning.  Knoicledge,  Lofidon,  5,  1908 
(117-119,  151-154). 

HeAdie,  A.  O. — Forecasting  on  the  Pacific  Coast.  Monthly  IVeather  Rev,,  W(uhtngt<m, 
86,  1908  (98-101). 

Kalllet,  E. — Resum^  des  observations  centralis^es '  par  le  service  hydroro^trique  du 
Bassiu  de  la  Seine  pendant  I'annee  1906.  Ann.  Soe.  MU,  France,  Paris,  56, 
1908  (101-114). 

Kaillet,  E.— Sur  la  erne  de  la  Seine  en  F^vrier-Mars,  1908.  Ann.  Soc  MA.  France, 
Paris,  56,  1908  (115-116). 

Kallock,  A. — Note  on  the  Ascent  of  Meteorological  Balloons  and  the  Temperature  of  the 
Upper  Air.     Proe.  Roy.  Soc,,  London,  A,  80,  1908  (530-584). 

Hanrer,  J.  — Die  Wiinneabnahrae  mit  der  Hohe  in  den  Schweizer  Alpen.  MeUor,  Zeits., 
Brunswick,  25,  1908  (241-246). 

Hehring,  H.— Aus  den  Erfahruugen  einer  neuen  Dienststelle.  Wetter,  Berlin,  25,  1908 
(138-144). 

Hengel,  0.— Sur  la  Constance  de  la  temperature  des  eaux  thermales  des  Pyrdii^es- 
OrienUles.     Ann.  Sac.  Mit.  France,  Paris,  56,  1908  (160-164). 

Miehelson,  W.A. — Ein  neues  Aktinometer.  Meteor.  Zeits.,  Brunswick,  25,  1908 
(246-253). 

Mill,  H.  B. — The  Geographical  Distribution  of  Rainfall  in  the  British  Isles.  Geog.  J., 
London,  32,  1908  (59-65). 

Hohn,  H. — Neue  Stadien  uber  das  Hypsometer.  Mettor.  Zeits.,  Bmnstcick,  25,  1908 
(198-200). 

HoMinan,  R.  C— The  South  Orkneys  in  1907.  Scot.  Oeog.  Mag.,  Edinburgh,  24,  1908 
(348-365). 

Bickmen,  W.  R.— The  Climatology  of  West  Turkestan.     Oeog.  J.,  London,  81,  1908 

(647-649). 

Sohnlse,  P.— Ludwig  Friedrich  Kiimtz.      Wetter,  Berlin,  25,  1908  (106-111.  145-151). 

SmimoT,  D. — Uber  das  Aktinometer  Violle-Sav^Iief.  Meteor.  Zeits.,  Brunswick,  25, 
1908  (299-312). 

Sprang,  A. — Die  registrierende  Laufgewichtswage  im  Dienste  der  Schnee-  Regen  und 
Verdunstungsmessung.     Meteor,  Zeits.,  Brunswick,  25,  1908  (145-154). 

Strong,  W.  W. — Radium :  its  Properties,  Distribution,  and  Influence  on  the  Atmosphere. 
Monthly  Weather  Rev.,  Washington,  36,  1908  (64-70). 

Soring,  R. — Die  verheerenden  Gewitter  und  Regenfdlle  in  Nordeutschland  vom  20  bis 
24  Mai  1908.      Wetter,  Berlin,  25,  1908  (121-129). 

Tiets,  O. — Orkan  im  Arabischen  Meer  vom  23  Oktober  bis  3  November  1906.  Ann.  d. 
Hydrog.  u.  Marit.  Met.,  Berlin,  36,  1908  (156-163). 

Weber,  0.  B. — Das  Observatorium  erster  Ordnnng  zu  Quixerainoliim,  Staat  Ceara, 
Noi-dbrasilien.     MeUor.  Zeits.,  Brunswick,  25,  1908  (162-167). 

WiliOB,  C.  T.  R. — On  the  Measurement  of  the  Atmospheric  Electric  Potential  Gradient 
and  the  Earth-a'r  Cunent.     Proc.  Roy.  Soc.,  London,  A,  80,  1908  (537-647). 

Woeikof,  A.— Zur  Kenntnis  des  Rcgenfalles  in  Niederlandisch-Intiien.  Meteor.  Zeits., 
Brunswick,  25,  1908  (168-174). 

Worth,  R.  H.— Rainfall  in  Devon,  especially  for  the  Years  1896-1905.  Trans.  Dewm 
Assoc.,  Ph/moiUh,  39,  1907  (228-230  and  4  pi.). 


Digitized  by 


Google 


INDEX. 


Address,  PresidentUl,  65,  151 

Afrioa,    Meteorological    investigation  in, 

268 
Agricultural    Institutions,    Teaching    of 

Meteorology  in,  291 
Agriculture  and  Meteorology,  206 
Air,  The  possibility  of  a  topography  of 

the,  27 
Allan  (C.  A.),  elected,  53 
Allely  (W.  S.),  elected,  51 
Allen  (E.  H.),  elected,  58 
Annual  General  Meeting,  147 
Antarctic,  Meteorology  in  the,  160 
Anticyclonic      belt     of     the     Southern 

Hemisphere,  165 
Assmann    (Dr.    R.)i    elected    Honorary 

Member,  205 
Atlas  Lands,  Rainfall  of  the,  158 
Atks,  Vincent's  Cloud,  258 
Audibility  of  clock  bells,  26 
Auditors,  Election  of,  54 
Australia,  Rainfall  map  of,  269 
Australian    Commonwealth    Bureau      of 

Meteorology,  Melbourne,  269 

Bailey  (A.),  elected,  53 

Bailey  (H.  J.),  elected,  53 

Baines  (A.  C.  V.),  elected,  806 

Balance  Sheet,  116 

Ballon  sonde.  Greatest  height  reached  by 

a,  46 
Balloon  adventure.  Exciting,  156 
Balloon  ascents  at  Manchester,  July  22-28, 

1907,  5 
,   The  international,   July 

22-27,  1907,  1 
Balloon       experiments,      in     Barbados, 

November  6-8,  1907,  265 
Dublin,  July  22- 

27,  1907,  11 
Balloon  observations  with  special  theo- 
dolites, 27 
Baneiji  (H.  G.}»  elected,  51 
Barbados,       Balloon      experiments      in, 

November  6-8,  1907,  266 
Barbary  (J.  E.  T.),  elected,  203 
Barker  (C.  J.),  elected,  147 
Barnes  (Dr.  R.),  obituary  notice  of,  130 
Barometer  readings.  Notes  on  the  effect 

of  oscillatory  motion  on,  97 
Bate  (Capt  £.  H.),  elected,  51 
Beck  (W.  A.),  elected,  53 
Bells,  Audibility  of  clock,  26 


Berners  (C.  H.),  elected,  53 

Bezold  (Dr.  J.  F.  W.  von),  obituary  notice 

of,  130 
Biggs  (J.  H.  W.),  obituary  notice  of,  181 
Brandt  (E.  H.),  elected,  203 
Brilliant  Sky  Glows,  June  80  and  July  1, 

1908,  202 
British  Kite  stations.   Discussion  of  the 

meteorological  observations  at  the,  1906- 

7,15 
Brontometer  records  at  West  Norwood, 

June  4,  1908,   210 
Brontometer,  The,  207 
Broome  (J.),  obituary  notice  of,  131 
Browett  (C),  elected,  205 
,      Formation      of      snow- 
rollers,  87 
Brown  (C),  elected,  53 
Bruce  (E.  H.   S.),  appointed  scrutineer, 

147 
Bryant  (W.  W.),  Meteorological  work  at 

the     Royal    Observatory,     Greenwich, 

1907,  111 
Buchan    (Dr.    A.),    obituary    notice    of, 

131 
Bushell  (Miss  L.  H.),  elected,  53 

Chambers  (C.  P.),  elected,  63 

Clarke  (H.  R.  G.),  elected,  53 

Clarke  (R.  J.),  elected,  51 

Clay  (A.),  elected,  53 

Climate  and  vegetation  of  Panama,  264 

of  Davos,  257 

Cloud  Atlas,  Vincent's,  258 

Colour  of  lightning  Observations  on,  271 

Comparison  of  ships'  barometer  readings 

with  those  deduced  from  land  observa- 
tions, 97 
Compasses  and  liehtning,  269 
Competition  for  Teachers,  Prize,  55,  163, 

191 
Composition    of  air    at   great    altitudes, 

Researches  on  the,  189 
Cones  formed  by  melting  snow,  299 
Correlation,    An  elementary  explanation 

of,  277 
Correspondence  and  Notes,  55,  158,  206, 

307 
Council  for  1908,  152 

,  Report  of  the,  1907,  113 

Crumlin,  Influence  of  temperature  on  the 

iron  railway  viaduct  at,  26 
Currey  (E.  S.),  elected,  147 


313 


Digitized  by 


Google 


314 


INDEX 


CycloDBB,  Tropical  and  sub-tropical  in 
north-west  of  Madagascar,  155 

D' Albuquerque  (J.  P.),  Balloon  experi- 
ments in  Barbados,  November  6-8, 
1907,  265 

Dallas  (A.),  elected,  51 

Dansey  (Rev.  R.  P.),  elected,  147 

Davos,  Climate  of,  257 

Dawn  of  Meteorology,  204,  221 

Day(C.  N.),  elected,  61 

Desmond  (J. ),  elected,  51 

Devereux  (H.  V.),  elected,  53 

Dickson  (T.  A.),  elected,  53 

Dines  (W.  U.),  The  registering  balloon 
ascents  in  England,  July  22-27,  1907, 
Preliminary  account,  1 

Dinner  of  the  Royal  Meteorological  Society, 
June  16,  1908,  300 

Discussion  of  the  meteorological  observa- 
tions at  the  British  Kite  stations, 
session  1906-1907,  15 

Dispersal  of  fog,  14 

Dixon  (J.),  elected,  53 

Donations,  139 

Dublin,  Balloon  experiments  in,  July 
22-27,  1907,  11 

Duncan  (J.  W.),  elected,  53 

Dust  Devil,  45 

Egypt,  Upper  air  observations  in,  259 
Elementary  explanation  of  correlation,  277 
Elementary  school,  Weather  observation 

in  an,  191 
Elmes  (Capt.  J.),  elected,  51 
England,  Registering  balloon  ascents  in, 

July  22-29,  1907,  1 
Epsom,    Observations  on  the    colour    of 

lightning  made  at,  271 
,   Thunderstorms,  June  1-4,  1908, 

at,  212 
Esdaile  (C.  E.  J.),  elected,  147 
Exciting  balloon  adventure,  156 

Ffarington  (H.  N.),  Appointed  scrutineer, 
147 

Findlay  (Capt.  H.),  elected,  61 

Fog,  Dispersal  of,  14 

Forecasts,  Penalty  for  counterfeiting,  46 

Formation  of  snow-rollers,  87 

Forester  (J.  W.),  elected  auditor,  64 

Foster  (M.  T.),  elected,  147 

Fox  (Rev.  J.  C),  elected,  63 

Fran  CO- British  Exhibition  and  Meteoro- 
logy, 307 

Frost,  Indications  of  approaching,  47 

Fruit-trees,  Relation  between  the  weather 
and  the  floweiing  of,  214 

Furness  Railway  wind-gauge,  26 

Gaw(W.),  elected,  51 

Geographical  Congress  at  Geneva,  Inter- 
national, 270 

German  Meteorological  Society,  Prize 
competition  of,  292 

Gibbs  (L.),  The  Hongkong  typhoon, 
September  18,  1906,  293 

Gold  (E.),  Comparison  of  ships*  Barometer 


readings  with  those  deduced  from  land 
observations,  with  notes  on  the  effect  of 
oscilktory  motion  on  barometer  read- 
ings, 97 

Gold  (E.),  elected,  147 

Gordon  (E.  P.),  elected,  53 

Gorsain  (H.),  elected,  51 

Gower  (R.  V.),  elected,  306 

Greatest  height  reached  by  a  ballon  sonde, 
46 

Greenwich,  Royal  Observatory,  Meteoro- 
logical work  at  the,  1907,  111 

Gregory  (Capt.  G.),  elected,  51 

Hadow  (Rev.  G.  R.),  elected,  147 

Hail  shooting  in  Italy,  25,  146 

Hailstones,  Large,  146 

Hall  (W.),  elected,  58 

Hands  (A),  Tree  set  on  fire  by  lightning, 
263 

Hanson  (D.),  elected,  306 

Hare  (Mrs.  M. ),  elected,  53 

Harwood  (W.  A.)  and  Petavel  (J.  £.), 
Results  of  the  balloon  ascents  made 
from  Manchester,  July  21-26,  1907,  5 

Hawksley  (J.),  elected,  53 

Heavy  rainfall  in  Japan,  264 

Hellmann  (Dr.  G.),  The  dawn  of  meteoro- 
logy, 204,  221 

HoUis  (Capt.  H.),  elected,  61 

Hongkong  typhoon,  September  18,  1906, 
293 

Hood  (J.  N.),  elected,  307 

Hooker  (R.  H.),  An  elementary  explana- 
tion of  correlation  illustrated  oy  rainfall 
and  depth  of  water  in  a  well,  277 

Hoosein  (M.  M.),  elected,  152 

Howarth  (E.),  elected,  203 

Hunt(H.  J.),  elected,  61 

Icebergs  of  the  Southern  Hemisphere,  214 
Indications  of  approaching  frost,  47 
Influence    of   temperature    on    the    iron 

railway  viaduct  at  Crumlin,  26 
Inspection  of  stations,  1907,  123 
International  balloon  ascents,  July  22-27, 

1907,  1 
Geographical     Congress     at 

Geneva,  270 

Meteorological  Committee,  60 


Italy,  Hail  shooting  in,  26,  146 

James  (Capt.  E.  J.),  elected,  61 
Jameson  (P.  R.),  elected,  162 
Japan,  Heavy  rainfall  in,  264 
Jebb(G.  R.),  elected,  152 
Jenkin  (A.  P.),  elected,  53 
Jones  (A.  E. ),  elected,  203 
Jones  (C.  £. ),  elected,  53 
Jones  (J.  R.  G.),  elected,  147 
Jones  (0. ),  elected,  53 

Kapadia  (F.  D.),  elected,  53 
Keates  (W.  F.),  elected,  306 
Keeling  (B.  F.  E.\  elected,  307 

,  Uj)per  air  observations  in 

259 
Kermode  (J.  J.),  elected,  147 
King  (L.  G.),  elected,  54 


Eg}'pt, 


Digitized  by 


Google 


INDEX 


315 


Kite  observation  fund,  120 

Kite  stations,  Discussions  of  the  meteoro- 
logical observations  at  the  British, 
1906-7,  15 

Lakeland  sayings  about  the  weather,  218 

Lander  (A. ),  elected,  51 

Lang  (A.  L.),  elected,  806 

Large  (V.  C),  elected,  307 

Large  hailstones,  146 

Lectures  on  Meteorolo^ry,  55,  158,  292 

Ley  (Capt.  C.    H.),  The  possibility  of  a 

topography  of  the  air  based  on  willoon 

observations  with  special  theodolites,  27 
Lightning  and  compasses,  269 
,  Observations  on  the  colour  of, 

made  at  Epsom,  1903-1907,  271 

,  Ships  struck  by,  188,  269 

,  Tree  set  on  fire  by,  263 

Lingham  (Capt.  W.  G.),  elected,  51 
Literature,   Meteorological,  61,   162,  218, 

310 
Local  Scientific  Societies'  fund,  120 
Lukis  (W.  R.  F.),  elected,  306 

Macadam  (Miss  I.  J.  R.),  elected,  54 
Machin  (W.  G.),  elected,  54 
M'Kellar  (Capt.  A.  W.),  elected,  51 
Maclear  (Admiral  J.  P.),  obituary  notice 

of,  135 
Macmorran  (A.),  elected,  205 
Madagascar,     Tropical    and     subtropical 

cyclones  in  north-west  of,  155 
Manchester,  Results  of  the  balloon  ascents 

made  from,  July  22-28,  1907,  5 
Map-studies  of  rainfall,  65 
Marriott    (W.),    Brontometer    records  at 

West  Norwood,  June  4,  1908,  210 

,  Inspection  of  stations,  123 

,  Scintillation  and  rippling 

of  distant  lights,  50 

,  The  Brontometer,  207 

Marshall  (Miss  C.  F.),  elected,  147 
Mawley  (E.),  Report  on  the  phenological 

observations,  1907,  233 
Meetings,    Proceedings  at  the,    61,   147, 

203,  306 
Melting  snow.  Cones  formed  by,  299 
Memorial  of  a  wet  summer,  46 
Meteorological  Committee,  International, 

50 

investigation  in  Africa,  263 

Literature,    61,    162,    218, 

310 


work    at     the     Radcliflfe 

Observatory,  Oxford,  1907, 154 

work  at  the  Royal  Observa- 


tory, Greenwich,  1907,  111 
Meteorology  and  Agriculture,  206 
and    the     Franco  -  British 

Exhibition,  307 

in  the  Antarctic,  160 

,  Lectures  on,  65,  153,  292 

,  Teaching  of,  at  agricultural 

institutions,  291 

-,  The  Dawn  of,  204,  221 


Mill  (Dr.  H.  R.),  Map  studies  of  rainfall, 
65 


Mills  (S.  J.  A.),  elected,  306 
Mount  Weather  Observatory,  159 

Nakaraura  (K.),  elected  Honorary  Member^ 

205 
Na8h(W.  R.),  elected,  203 
Nature   knowledge,    The    study    of    the 

weather  as  a  branch  of,  56 

study,  198 

Newman  (T.  P.),  elected  auditor,  54 

New  Premises  fund,  118 

Notes  and  Correbpondence,  55,  153,  206, 

307 

Obituary  notices,  130 

Observations  ou    the  colour  of  lightning 

made  at  Epsom,  1903-1907,  271 
Oscillatory  motion,  Etfect  of,  on  barometer 

readings,  97 
Oxford,     Meteorological     work     at     the 

Radcliffe  Observatory,  154 

Panama,  Climate  and  vegetation  of,  264 

Parcou(Capt.  R.),  Tropical  and  subtropical 
cyclones  in  north-west  of  Madagascar, 
155 

Penalty  for  counterfeiting  forecasts,  46 

Pennant  (P.  P.),  elected,  54 

Petavel  (J.  E.),  elected,  54 

and    Harwood    (W.    A.), 

Results  of  the  balloon  ascents  made  from 
Manchester,  July  22-28,  1907,  5 

,  White  (Miss  M.)  and  Prinff 

(T.  v.).  Discussion  of  the  meteorological 
observations  made  at  the  British  Kite 
stetions,  1906-1907,  15 

Phenological  observations,  1907,  283 

Phillips  (Miss  A.  B.),  Nature  study,  198 

Phillips  (J.  W.),  Brilliant  sky  glows,  June 
30  to  July  1,  1908,  202 

Phillpott  (J.  M.),  obituaiy  notice  of,  136 

Plevins  (E.  N.),  elected,  51 

Plunkett  (Capt.  S.),  elected,  51 

Power  (Dr.  J.  B.),  obituary  notice  of,  186 

Practical  open  -  air  demonstration  to 
children,  207 

Presidential  Address,  65,  151 

Pring  (T.  V.),  White  (Miss  M.),  and 
Petavel  (J.  E.),  Discussion  of  the 
Meteorological  observations  at  the 
British  Kite  stations,  1906-1907,  16 

Prize  competition  for  teachers,  55,  153,  191 

: —  of  the  German  Meteoro- 
logical Society,  292 

Proceedings  at  the  Meetings,  51,  147,  203,. 
306 

Publications,  Recent,  58,  160,  216,  308 

Purchases,  138 

Queensland,  The  Rain  tree  of,  214 

Rae  (Capt  J.  R.),  elected,  152 
Rainfall  in  Japan,  Heavy,  264 

of  the  Atlas  Lands,  158 

map  of  Australia,  269 

,  Map  studies  of,  65 

Rain  tree  of  Queensland,  214 
Rambaut  (A.  A.),  elected,  203 
Meteorological  work  at 


Digitized  by 


Google 


816 


INDEX 


the  Radcliffe  Observatory,  Oxford,  1907, 

164 
RawsoD    (Col.  H.  E.),  Anticyclonic  belt 

of  the  southern  hemisphere,  165 
Recent  Publications,  58,  160,  216,  308 
Relation    between    the  weather  and  the 

flowering  of  fruit  trees,  214 
Report  of  the  Council,  1907,  113 
on  the  phenological  observations, 

1907,  233 
Research  fund,  118 
Researches  on  the  composition  of  the  air 

at  great  altitudes,  189 
Besults  of  the  balloon  ascents  made  from 

Manchester,  July  22-28,  1907,  5 
Rippling  of  distant  lights,  50,  156 
Rolls  (Hon.  C.  S.),  elected,  307 
Ronalds  (B.),  elected,  306 
Rostron  (S.),  Obituary  notice  of,  136 
Rotch  (A.  L.),  electea  Honorary  Member, 

206 
Rule  (T.),  elected,  51 
Russell  (H.  C),  Obituary  notice  of,  137 
Russell  (S.  C),  Observations  on  the  colour 

of  lightning  made  at  Epsom,  1903-1907, 

271 
Scintillation  and  rippling  of 

distant  lights,  156 

The  thunderstorms  of  June 


1-4,  1908,  at  Epsom,  212 

Scarff  (Capt  R.  W.),  elected,  51 

School,  Weather  observation  in  an 
elementary,  191 

Scintillation  and  rippling  of  distant  lights, 
50,  156 

Scrutineers,  147 

Setti  (S.  V.  S.),  elected,  152 

Shelford  (Capt.  W.  S.),  elected,  51 

Ships'  Barometer  readings,  Comparison  of, 
with  those  deduced  from  land  observa- 
tions, 97 

Ships  struck  by  lightning,  188,  269 

Simkins  (G.  P.),  elected,  203 

Skv  glows,  Brilliant,  June  30  and  July  1, 
1908,  202 

Snellen  (Dr.  M.),  Obituary  notice  of, 
137 

Snow,  Cones  formed  by  melting,  299 

rollers,  Fonuation  of,  87 

Southern  hemisphere,  Anticyclonic 
of  the.  165 

,  Icebergs    of 


belt 


214 


the. 


Sparks  (Miss  F.  J.),  elected,  54 

Sprot    (Lieut. -Gen.   J.),    Obituary  notice 

of,  138 
Stephens  (A.  J.),  elected,  54 
Strachan  (li.).  Indications  of  approaching 

frost,  47 
Strachan  (W.  S.),  elected,  64 
Strong  (Capt  H.),  elected,  152 
Study    of  the  weather  as    a  branch  of 

nature  knowledge,  56 
Summer,  Memorial  of  a  wet,  46 
Symons  (Capt.  F.  S.),  elected,  54 
Symons  Gola  Medal,  Presentation  of,  149 
Fund,  120 


Teachers,  Prize  Competition  for,  55,  168, 
191 

Teaching  of  Meteorology  at  Agricultural 
Institutions,  291 

Teisserenc  de  Bort  (L.),  Presentation  of 
the  Symons  Gold  Medal  to,  149 

^  Researches     on 

the  composition  of  the  air  at  great  alti- 
tudes, with  special  reference  to  argon 
and  its  allies,  189 

Temperature,  Influence  of,  on  the  iron  rail- 
way viaduct  at  Crumliu,  26 

Thomas  (O.),  elected,  152 

Thrift  (Prof.  W.  E.),  Balloon  experiments 
in  Dublin,  July  22-27,  1907,  11 

Thunderstorms  of  June  1-4,  1908,  at 
Epsom,  212 

Topography  of  the  air.  The  possibility  of 
a, -27 

Towse  (J.  W.),  elected.  162 

Tree  set  on  Are  by  lightning,  263 

Typhoon,  The  Hongkong,  September  18, 
1906,  298 


r  air   data   in    weather  forecasting, 
lie  use  of,  159 

observations  in  Egypt,  269 


Upshall  (W.  C. ),  M'eather  observations  in 
an  elementary  school,  191 

Use  of  npi)er  air  data  in  weather  forecast- 
ing, 159 

Vegetation  of  Panama,  The  climate  and, 
264 

Viaduct,  Iron  mil  way,  at  Crumliu,  Influ- 
ence of  temperature  on,  26 

Vincent's  Cloud  atlas,  258 

Walker  (A.  J.),  elected,  54 
Walsh  (E.  J.),  elected,  61 
Warden  (Capt.  R.  C),  elected,  61 
Weather  forecasting,  The  use  of  upper  air 

data  in,  159 

,  Lakeland  sayings  about,  213 

observation   in  an  elementary 

school,  191 
,  Relation  between  the,  and  the 

flowering  of  fruit  trees,  214 

The  study  of,  as  a  branch  of 


nature  knowledge,  56 
West  Norwood,  Hrontometer  records  at, 

June  4,  1908,  210 
Weston  (Capt.  T.  S.),  elected,  307 
Wet  summer.  Memorial  of  a,  46 
White    (Miss    M.),     Pring    (T.  V.),    and 
Petavol    (J.    E.),    Discussion    of    the 
moteorolo$rical  observations  at  the  Brit- 
ish Kite  SUtions,  1906-1907,  15 
Wilkin  (Mrs.),  elected,  54 
Williams  (Capt  H.),  elected,  306 
Wind-gauge,  The  Fumess  Railway,  26 
Woodhouse  (Miss  E.  D.),  elected,  54 
Woodward  (Miss  J.  L.),  elected,  54 
Woolnough  (F.),  elected,  162 
Wylie  (J.  H.),  elected,  152 

Young  (L.   C.  W.),  Obituary  notice  of, 
138 


Digitized  by 


Google 


PUBLICATIONS 

OF  THB 

IRo^al  /IfteteoroIoGfcal  Society?. 

REPORTS  OF  THE  COUNCIL,  ist,  185 1,  to  nth,  1861.  Mostly 
out  of  print 

PROCEEDINGS.  Vol  I.,  1861-63,  to  Vol  V.,  1869-71.  Price 
£1  :  58.  each« 

QUARTERLT  JOURNAL.  Vol  L,  1872-73,  to  VoL  XXXIIL,  1907. 
Price  £1  each.     Quarterly  Nos.,  5  s.  each. 

THE  METEOROLOGICAL  RECORD.  Monthly  Results  of  Obsenra- 
tions  made  at  the  Stations  of  the  Royal  Meteorologleal 
Soeiety,  with  Remarks  on  the  Weather  for  eaoh  Quarter.  By 
William  Marriott,  Assistant-Secretary.  Price  is.  6d.  each. 
(Commenced  1881.) 

HINTS  TO  METEOROLOGICAL  OBSERVERS.  Instruetions  for 
taking:  Observations,  and  Tables  for  their  Reduetion; 
together  with  a  Glossary  of  Meteorologleal  Terms.    By 

William    Marriott,   Assistant  -  Secretary.      Sixth  Edition, 
Revised  and  Enlarged.     With  Illustrations.     Price  is.  6d. 

POPULAR  METEOROLOGICAL  HANDBOOK.  Some  Faets  about 
the  Weather.  By  William  Marriott,  Assistant-Secretary. 
Price  6d. 

INSTRUCTIONS  FOR  THE  OBSERVATION  OF  PHENOLOGICAL 
PHENOMENA.     Second  Edition.     Price  6d. 

CATALOGUE  OF  THE  LIBRARY  OF  THE  ROTAL  METEORO- 
LOGICAL SOCIETY.  Complete  to  September  1890.  Price  los. 
(To  Fellowsy  Sj.) 

INDEX  TO  THE  PUBLICATIONS  OF  THE  ENGLISH  METEORO- 
LOGICAL SOCIETIES,  1839  to  1881.     Price  2s. 

INDEX  TO  THE  QUARTERLY  JOURNAL  OF  THE  ROYAL 
METEOROLOGICAL  SOCIETY,  Vols.  VIIL  to  XXVI.,  1882- 
1900.     Price  2s.        

SEPARATE   COPIES   OP   PAPERS. 

Separate  Copies  of  many  of  the  Papers  appearing  in  the  Quarterly  Journal  are 
kept  on  sale  at  a  price  of  Sixpence  per  Half-Sheet  or  portion  thereof. 


The  above  may  be  had  at  the  Office  of  the  Society, 
70  VICTORIA  STREET,   S.W. 


Google 


Digitized  by 


JAMES  J.  HICKS, 

MKTKOROLOQIOAL  &  SOIENTIFIO 

INSTRUMENTS. 

MANUFACTORY: 

8, 9,  &10  HAHON  CARDEN,  LONDON,  E.C. 

standard  *'Fortiii"  Barometers. 

Standard  Mercurial  Thermometers. 

Standard  Maximum  Tiiermometers. 

Standard  Minimum  Tiiermometers. 

Standard  Mason's  Hygrometers. 

Standard  "Solar  Maximum"  Thermo- 
meters. 

Standard  Terrestrial  Radiation  Thermo- 
meters. 

Standard  "Earth  Temperature"  Thermo- 
meters. 

Standard  Symons's  Rain  Gauges. 

Standard  Meteorological  Office  Rain 
Gauges. 

Standard  Sunshine  Recorders. 

Improved  Beckley  Anemometers. 

Improved  Beckley  Self -Recording  Rain 
Gauge. 

Self-Registering  Aneroid  Barometers. 

Self- Registering  Mercurial  Barometers. 

Meteorological  Office  Thermometer 
Screens. 

Mountaineering  Aneroid  Barometers. 

Aneroid  Barometers. 


Tmm^  Mi  ii 
•■■■   "CNmwi 

sxr: 

AWARIICO   ItNE  ■Emit  PIRK  EXHIBITIOt,  lllf. 

SPECIAL  TERMS  ARE  QIVEN  TO  FELLOWS  OF  THE 
ROYAL  METEOROLOGICAL  SOCIETY, 


IRoijal  /Reteotological  Societij- 

OmoBs:— 70  VICTORIA  STREET,  WESTMINSTER,  &W. 
(Telephone:  P.O.  Victoria  2721.) 

The  Library  and  Officjss  of  thb  Socibtt  are  cpen  daily  from  10  a.nL 
to  5  p.Tn. ;  Saiurdays^  10  a.m.  to  1  p.m. 


kovbmbbr 
dscembxr 
January 

FlBBUABT 


MBQTINGS  IN  1908^. 
7.30  p.m. 


18,  1908 

16,  „ 
20,  1909 

17,  „ 


March 
April 
♦May 

*JUNB 


7.30  p.m.  17,  1909 

n  21,  „ 

4.30  p.m.  19,  „ 

*)  16,  „ 


January  20th,  1909 — ^Annual  General  Meeting. 


The  Meetings  will  be  held  at  the  Institution  of  Civil  Engineers, 
Great  George  Street,  Westminster,  S.W.,  except  those  marked  with  an 
asterisk  (^),  which  will  be  held  at  the  Society's  Booms,  70  Victoria 
Street.  S.W. 

Digitized  by  VjOOQlC 
^rinttd  ^  R.  &  R.  Claric,  X.tMmO.  Bdinktirgh. 


QUARTEELY  JOURNAL 


OF  TOE 


EOYAL 
METEOEOLOGICAL    SOCIETY. 

EDITED   BY 

A  COMMITTEE  OF  THE  COUNCIL. 


Vol.  XXXV.— 1909. 


LONDON: 
EDWARD  STANFORD,  12,  13,  &  14  LONG  ACRE,  W.C. 

1909. 

Digitized  by  VjOOQIC 


Digitized  by 


Google 


CONTENTS  OF  VOL.  XXXV. 

PAOB 

German  Meteorological  Society — Twenty-fifth  Anniversary,  1908.     By 

Henry  Harries,  F.R.Met.Soc.,  Member  of  the  German  Met  Soc.  .  1 

Oceanography  and  Climatology  .....  6 

Investigation  of  the  Electrical  State  of  the  Upper  Atmosphere,  made  at 
the   Howard   Estate   Observatory,  Glossop.     By  W.    Makower, 
Margaret  White,  and  E.  Marsden.     (Three  Illustrations)         .  7 

Royal  Observatory  of  Belgium  .  .  .14 

The  Climate  of  Orkney  ......         14 

Balloon    Observations   at   Biixlhill,    Co.    Limerick,   during  July   and 
August    1908.      By    CapL   C.     H.   Ley,    F.RMetSoc.      (Three 
Illustrations)  .15 

The  Samoa  Observatory  ......         30 

Earthquake  Weather .......         30 

Some   Forms   of   Scientific   Kites.     By   Eric   Stuart  Bruce,  M.A., 

F.RMetSoc.     (Four  Illustrations)  .  .  .31 

Winds  encountered  from  Seychelles  to  Aldabra.     By  Capt.  R.  Parcou  .         35 
The  Registering  Balloon  Ascents  in  the  British  Isles,  July  2  7- August  1, 
1908.     Preliminary  Account.      By   C.   J.    P.  Cave,  F.R.Met.Soc. 
(Three  Illustrations)        .  .  .  .37 

Balloon   Observations   at   Ditcham   Park,    near   Petersfield,  July   27- 
August  2,  1908.     By  C.  J.  P.  Cave,  F.R.Met.Soc.     (Two  Illustra- 
tions)   ........  43 

The  Green  Flash.     By  R.  C.  Cann  Lippincott  .50 

Scottish  Meteorological  Society  .  .50 

The  German  Aerological  Expedition  for  the  Exploration  of  the  Upper 
Air  in  Tropical  East  Africa,  July  to  December  1908.  By  Dr. 
Richard  Assmann,  Hon.  Mem.  R.  Met.  Soc.  .  .51 

Frost  and  Ice  Crystals  .  .  .54 

The  Snowfall  of  December  29,  1908   .....  54 


Digitized  by 


Google 


IV  TABLE  OP  CONTENTS 

PAOB 

Proceedings  at  the  Ordinary  Meeting,  November  18,  1908  56 

ProceedingB  at  tbe  Ordinary  Meeting,  December  16,  1908  56 

Correspondence  and  Notes  : — 

Lectures  on  Meteorology  .57 

Large  Barometer  ....         57 

Madras  Anemograpbic  Records  .57 

Recent  Publications   .......         59 

Meteorological  Literature        .  .62 

Some  Aims  and  Efforts  of  the  Royal  Meteorological  Society  in  its 
relation  to  the  Public  and  to  Meteorological  Science.  By  Hugh 
RoBBRT  Mill,  D.Sc,  President  An  Address  delivered  before  the 
Royal  Meteorological  Society,  January  20,  1909  .  .66 

Meteorolc^  at  Harvard  University     .  .79 

The  Cold  Spell  at  the  end  of  December,  1908.     By  William  Marriott, 

F.RMetSoa     (Sixteen  Illustrations)  .81 

Hail  Insurance  .......         89 

The  Argentine's  Antarctic  Meteorological  Station  .90 

Henry     Storks     Eaton,     1834-1909.       By      William      Marriott, 

RRMetSoc.        .  .  .  .  .91 

The  Cyclonic  Unit  in  Climatological  Investigations  .92 

Report  of  the  Council  for  the  Tear  1908  .  .93 

Balance-Sheet   .         .  .  .96 

Inspections  of  Stations,  1908.     By  William  Marriott  .103 

Obituary  Notices       .  .  .  .  .  .110 

Purchases  during  the  Year  1908  .117 

Donations  received  during  the  Year  1908        .  .117 

Proceedings  at  the  Ordinary  Meeting,  January  20,  1909  .  .126 

Proceedings  at  the  Annual  Qeneral  Meeting,  January  20,  1909  1 26 

Proceedings  at  the  Ordinary  Meeting,  February  17,  1909  131 

Correspondence  and  Notes : — 

Proposal  to  express  all  Measurements  of  Atmospheric  Pressure 
by  a  Universal  Measurement  of  Force.     By   W.   Koppen, 
Hon.  Mem.  RMetSoc.         .  .  .132 

International  Balloon  Ascents  in  1909.     By  H.  Hkroesell  134 

Freezing  of  the  Wet-Bulb  Thermometer.     By  Arthur  Pearse 

Jenkin      .......       135 


Digitized  by 


Google 


TABLE  OF  CONTENTS  V 

PAGE 

Cyclonic   ThundeiBtorins  of  January   7   and    16,    1909.     By 

Spencer  0.  Russell  .135 

Meteorological  Work   at  the  Royal   Obeervatory,   Greenwich, 

1908.     By  Sir  W.  H.  M.  Christie,  F.R.S. .  .136 

Meteorological  Work  at  the  Radcliffe  Observatory,  Oxford,  1908. 

By  Arthur  A.  Rambaut,  F.R.S.      .  .137 

Temperature   and  Rainfall  at  Pemba,   E.    Africa.     By  T.   P. 

Newman    .  .139 

Thunderstorm  at  Portsmouth,  February  14,  1809  140 

Thunderstorms  in  Germany     .  .  .141 

Meteorological  Conditions  controlling  the  Nile  Flood  141 

Dew  Ponds    .......       143 

Composition  of  Barbados  Rainfall  .144 

Humidity  in  Cotton- Weaving  Sheds  .146 

Recent  Publications  •  .146 

Meteorological  Literature  .146 

Wind-Waves  in  Water,  Sand,  Snow  and  Cloud.     By  Vaughan  Cornish, 
D.Sc,  F.R.G.S.,  F.G.S.,  F.C.S.     A  Lecture  delivered  before  the 
Royal  Meteorological  Society,  March  17,  1909.     (Seven  lHustra- 
tions)     ........       149 

Meteorological  Charts  of  the  Atlantic  and  Pacific  Oceans  .160 

Local  Authorities  and  Meteorological  Instruments  .160 

Report  on   the   Phenological   Observations   for    1908.     By   Edward 

Mawlet,  F.RMetSoc.,  V.M.H.     (Plate  2  and  Two  IllustratioDs)  .       161 
The  Greenland  Sea     .  .  .187 

Percolation,  Evaporation  and  Condensation.  By  Baldwin  Latham, 
Mem.InstC.E.,  Mem.InstM.R,  F.G.S.,  F.S.S.,  F.RMetSoc. 
(Eight  Illustrations)  .189 

The  Recording  of  Rainfall  .211 

The  Meteorological  Conditions  in  the  Philippine  Islands,  1908.    By  the 

Rev.  Josi  Alqu^  S.J.,  Hon.Meui.R.Met.Soc.     (Two  Illustrations)       213 
Proceedings  at  the  Ordinary  Meeting,  March  17,  1909  221 

Proceedings  at  the  Ordinary  Meeting,  April  21,  1909  .  .221 

Correspondence  and  Notes : — 

Mr.  Shackleton's  Antarctic  Expedition  .222 

Agricultural  Education  and  Meteorology  .222 

A  Remarkable   Rainbow.     By   Spencer   C.    RubSELL.     (Illus- 
tration) ....       223 


Digitized  by 


Google 


VI 


TABLE  OF  CONTENTS 


Upeala  Meteorological  Observatory 

International  Commission  of  Scientific  Aeronautics 

Fiji  Rainfall  .... 

Storm  in  1638  in  Devon 

Ernest  Law  on  the  Trees  in  Bushy  Park 

Meteorological  Text-Books 
Recent  Publications    .... 
Meteorological  Literature 

The  Anticyclonic  Belt  of  the  Northern  Hemisphere.  By  Colonel  H.  K 
Rawson,  C.B.,  R.E.,  F.R.MetSoc.     (Illustration) 

On  Errors  of  Estimation  in  Thermometric  Observations.  By  Albert 
Walter,  F.RA.S.,  Royal  Alfred  Observatory,  Mauritius.  (Six 
Illustrations)      .  .  '  . 

Death  through  Lightning,  and  Workmen's  Insurance 

Electricity  of  Rain      .... 

The  Interdiumal  Variability  of  Temperature  in  Antarctic  and  Sub- 
Antarctic  Regions.     By  R.  C.  Mobsman,  F.R.S.E. 

Testing  of  Registering  Balloon  Apparatus  at  Low  Temperatures.  By 
Dr.  W.  Schmidt  and  Ernest  Gold,  M.A,  RR.MetSoc.  (Illustra- 
tion)     .  .  .  . 

Snowstorms  and  Parapets  on  Buildings 

A  Plea  for  the  use  of  Freely-Ex posed  Thermometers  in  addition  to 
Sheltered  Ones.     By  L.  C.  W.  Bonacina,  F.R.Met.Soc. 

Effects  of  a  Storm  on  Barden  Fell,  Yorkshire  . 

Dinner  of  the  Royal  Meteorological  Society,  June  15,  1909 

Proceedings  at  the  Ordinary  Meeting,  May  19,  1909    . 

Proceedings  at  the  Ordinary  Meeting,  June  16,  1909    . 

Correspondence  and  Notes : — 

The  Meteorological  Club  (Illustration)  . 

Cricket  Match  on  the  Ice  at  Ely  during  the  Great  Frost  of 
February  1856 

Observations  of  Sheet  Lightning  at    Epsom,  August  8,   1909, 
By  Spencer  C.  Russell 

Balloon  Ascent  in  a  Snowstorm 

Climatic  Change  in  Egypt 

Ball  Lightning  .... 

Distribution  of  Precipitation  in  the  Western  Sudan 

The  Climate  of  the  Orinoco  and  Rio  Negro 
Recent  Publications   ..... 
Meteorological  Literature        .... 
Index  ...... 


PAGE 

224 
224 
224 
226 
226 
226 
226 
229 

233 


249 
258 
258 

259 


275 
280 

281 
288 
289 
295 
295 

296 

296 

298 
299 
300 
301 
303 
303 
304 
305 
309 


Digitized  by 


Google 


PLATES. 

Platb  1.  Hugh  Robert  Mill,  D.Scj  LL.D.  (President  of  the  Royal  Meteoro- 
logical Society,  1907-8). 

y,      2.  Map  showing  Position  of  the  Phenological  Stations,  1908. 


Digitized  by 


Google 


ERRATA. 

Page  105,  line  28.  For  Gorton  read  Gorton. 

„     118    „      8.  „    £Uot       ,,    Evans. 

,,     219    „     18  from  bottom.     ,,   Baginoe  „    Bagaioe. 


NOTICR 

The  Royal  Meteorolooical  Society  does  not  accept  any  responsibility 
for  the  views  and  opinions  expressed  by  individual  writers  in  the 
Quarterly  Journal. 


Digitized  by 


Google 


r  a.  7. 


QUARTERLY  JOURNAL 


OF   THE 


Royal  Meteorolog:ical 
Society. 


EDITED  BY  A 

COMMITTEE  OF  THE  COUNCIL. 


January  1909. 
Vol.  XXXV.    No.  149. 


LONDON : 
EDWARD  STANFORD,  la,  13,  &  14  LONG  ACRE,  W.C 


PRICE   FIVE  SHILLINGS,     ^    ,    ^  ^ 

Digitized  by 


Google 


CONTENTS. 


PAOB 

H.  Hakribs.— Gerraau  Meteorologioal  Society— Twentj-fifth  Annivaraury,  1908    .  1 

W.  Makowrb,  M.  White,  avu  £.  MABfiDSN.— Investigation  of  the  Eleotrifial 
StaU  of  the  Upper  Atmosphere,  made  at  the  Howard  Estate  Observatory, 

Olossop.    (Three  lUaatrations)  .......  7 

Capt  G.  H.  Lkt.— Balloon  Observations  at  Birdhill,  County  Limerick,  during 

July  and  August  1908.    (Three  Illustrations)    .....  16 

£.  S.  Brvcs. — Some  Forms  of  Scientiiic  Kites.    (Four  Illustrations)  31 

G.  J.  P.  Gays.— The  Begisterinff  Balloon  Ascents  in  the  British  Isles,  July  27 

to  August  1, 1908.    (Three  lUustrations)           .....  37 

G.  J.  P.  Gave.— Balloon  Observations  at  Ditcham  Park,  near  Petenfield,  July  27 

to  August  2,  1908.    (Two  lUustrations) ......  43 

Dr.  R.  Assif  ANN.— The  German  Aerological  Expedition  for  the  Exploration  of  the 

Upper  Air  in  Tropical  East  Africa,  July  to  December  1908       ...  51 

ProceedingA  at  the  Meetings  of  the  Society    ......  55 

Correspondence  and  Notes : — 

Oceanoffraphy  and  Climatology  .......  6 

Royal  Observatory  of  Belgium    .......  14 

The  aimaU  of  Orkney    ........  14 

The  Samoa  Observatory  ........  80 

Earthquake  Weather       ........  30 

Winds  encountered  from  Seychelles  to  Aldabra  .....  35 

The  Green  Flash .  .  .50 

Scottish  Meteorological  Society  .......  50 

Frost  and  Ice  Crystals     ........  54 

The  Snowfall  of  December  29,  1908        ......  54 

Lectures  on  Meteorology             .......  57 

Large  Barometer  .........  57 

Madras  Anemographic  Becords   .......  57 

Recent  Publications    .........  59 

Meteorologioal  Literature       ........  62 


"PUBLIC  SCHOOL •• 
Set  of  Meteorological  Instruments. 

A  Complete  Simple 

Climatological  Station 

at  Moderate  Price. 


I 


Kew'Certified  if  desired. 


NEQRETTI    &   ZAMBRA, 

38  HOLBORN  VIADUCT,  B.C. 


BRANCHES  i   "^  CORNHELL,  B.a 

1 122  BBaSNT  STBBBT,  W.. 

Talegraphlo  Addreaa-MBORBTTI,  IiOHDOH. 


LONDON. 

Teleptacme  Ho.  S8S  BOUBORll. 

Digitized  by  VjOOQIC 


r  j^rujt^JliM 


QUARTERLY  JOURNAL 


OF  THE 


ROYAL  METEOROLOGICAL  SOCIETY 


Vol.  XXXV.]  JANUARY  1909  [No.  149 


GERMAN   METEOROLOGICAL   SOCIETY— TWENTY-FIFTH 
ANNIVERSARY,  1908. 

By   HENRY    HARRIES,    F.R.Met.Soc.,  Member  of  the  German  Met.  Soc. 

[Read  November  18,  1908.] 

Just  a  quarter  of  a  century  ago  to-day,  as  the  result  of  a  conference  held 
at  the  Deutsche  Seewarte,  Hamburg,  on  November  17  and  18,  1883, 
the  German  Meteorological  Society  was  formed,  with  Dr.  von  Neumayer 
as  its  first  President.  It  is  not  necessary  now  to  dwell  upon  the 
universally  acknowledged  fact — to  which  that  great  recorder  of  the  pro- 
gress of  modern  meteorological  knowledge,  the  Meteorologische  Zeitschrifty 
also  bears  abundant  testimony  —  that  in  the  interval  the  Society 
has  far  more  than  justified  its  existence,  and  has  earned  the  unqualified 
praise  of  all  who  are  interested  in  the  science. 

Owing  to  the  extensive  area  of  the  German  Empire  rendering  it  im- 
possible to  hold  frequent  meetings,  it  was  from  the  first  deemed  desirable 
to  enrol  the  members  in  local  branches,  so  as  to  get  over  this  difficulty. 
The  Hamburg- Altona  branch  was  formed  on  January  14,  1884;  the 
Berlin  one  on  January  29  ;  the  Munich  one  on  February  13  ;  and  so  on. 
This  sufficiently  explains  why  the  Society  as  a  whole  holds  a  general 
meeting  only  once  in  two  or  three  years,  at  some  convenient  holiday 
season,  when  members  from  all  parts  of  the  country  can  be  brought 
together.  For  many  years  it  was  the  practice  for  the  German 
Greographical  and  the  Meteorological  Societies  to  combine  their  forces  so 
as  to  attract  a  goodly  company  at  these  occasional  reunions,  but  of  recent 
years  this  custom  has  been  abandoned,  each  Society  being  strong  enough 
in  itself  to  hold  independent  meetings. 

The  Eleventh  General  Meeting  of  the  Meteorological  Society  waa 
arranged  to  be  held  in  the  city  of  its  birth  on  September  28-30  Iast» 
following  immediately  on  the  break-up  of  the  meeting  of  the  Grerman 
Association — the  Naturforscher  und  Aerzte — ^at  Cologne.  As  the  date 
of  the  meeting   was   close   upon  the   twenty-fifth   anniversary   of   the 
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founding  of  the  Society,  it  was  decided  to  make  this  a  special  occasion  for 
celebrating  the  very  interesting  event — the  celebration  taking  the  form 
of  a  spell  of  really  hard  work  ! 

A  large  number  of  members  attended,  every  quarter  of  the  Empire 
being  represented.  In  addition  there  came,  bearing  greetings  from 
foreign  countries,  Vice-Director  Axel  Steen  from  Christiania,  Hofrath 
Konkoly  from  Budapest,  M.  Teisserenc  de  Bort  from  Paris,  Professor 
Botch  from  Blue  Hill  Observatory,  Mr.  Hunt  and  Mr.  Barton  from 
Australia,  while  I  had  the  honour  of  being  invited  by  our  President  to 
act  as  the  representative  of  the  Royal  Meteorological  Society.  The  re- 
ception of  the  foreign  visitors  was  of  the  most  cordial  character — it  left 
nothing  to  be  desired,  and  it  will  have  a  lasting  effect  in  furthering  the 
good  relationship  already  existing  between  the  various  meteorological 
societies  of  the  world.  Speaking  for  myself,  I  cannot  be  otherwise  than 
deeply  gratified  with  the  kindness  extended  to  me,  as  the  representative 
of  the  senior  Society,  by  all  connected  with  the  arrangements. 

Many  ladies  and  gentlemen  attended  a  preliminary  informal  gathering 
on  the  evening  of  the  27th,  when  old  friendships  were  renewed  and  new 
ones  cemented.  On  all  sides  the  keenest  regret  was  expressed  at  the 
unavoidable  absence  of  Excellency  von  Neumayer,  the  first  President, 
on  account  of  his  advanced  age,  and  the  very  long  distance  of  his 
residence  from  Hamburg.  (After  the  close  of  the  meeting  I  visited  the 
veteran  meteorologist  at  his  home  at  Neustadt,  in  the  Palatinate.  He 
was  elected  an  Honorary  Member  of  this  Society  thirty-four  years  ago.) 

Following  an  early  morning  meeting  of  the  officials  for  transacting 
the  business  of  the  Society,  a  public  meeting  was  held  in  the  Aula  of 
the  Wilhelmsgymnasiums  at  10.30  a.m.  on  the  28th,  with  Professor 
Hellmann,  the  President,  in  the  Chair.  After  extending  a  warm  welcome 
to  all  present,  thanking  the  Hamburg  authorities  for  the  arrangements 
that  had  been  made  for  the  visitors,  and  wishing  success  to  the  meeting, 
the  President  called  upon  Admiral  Herz,  the  Director  of  the  Seewarte,  to 
convey  to  the  Society  the  semi-jubilee  greetings  of  the  official  Meteoro- 
logical Services  ;  upon  myself  to  perform  the  same  duty  on  behalf  of  the 
foreign  societies  represented;  upon  Professor  Voller,  Director  of  the 
State  Physical  Laboratory,  on  behalf  of  the  Public  Institutions  of 
Hamburg;  and  upon  Dr.  Friederichsen,  Secretary  of  the  Geographical 
Society,  on  behalf  of  the  scientific  societies.  In  the  absence  of  Professor 
Sresnewsky  of  Dorpat,  Professor  Koppen  conveyed  the  greetings  and 
best  wishes  of  the  Eussian  Meteorological  Institute  and  other  societies. 

In  reply,  the  President  expressed  the  thanks  of  the  Society  for  the 
expressions  of  goodwill  which  had  come  from  so  many  quarters.  It  was, 
he  said,  known  to  only  a  few  that  the  Society  owed  its  origin  to  Professor 
Koppen,  who  was  the  first  to  suggest  its  formation.  During  a  feeling 
reference  to  the  great  loss  which  the  Society  in  particular,  and  Science 
generally,  had  sustained  in  the  death  of  Professor  von  Bezold,  the  whole 
audience  stood  up.  After  reviewing  the  history  of  the  Society  and  the 
progress  of  the  Meteorologische  Zeitschrift,  Professor  Hellmann  proceeded  to 
deliver  an  address  on  "  The  Dawn  of  Meteorology." 

At  the  conclusion  of  the  address,  the  President  announced  that  the 
Society  had  decided  upon  offering  a  prize  of  3000  marks  for  the  best 
work  on  the  observations  obtained  in  the  international  investigations  of 
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the  upper  air ;  also,  that  the  Council  had  elected  as  honorary  members 
of  the  Society,  Dr.  Shaw,  Professor  Botch,  and  MM.  Angot  and 
Teisserenc  de  Bort. 

All  the  subsequent  meetings  were  held  in  the  great  lecture  theatre 
of  the  Laboratory  buildings.  That  it  was  fully  intended  to  celebrate  the 
Society's  coming  of  age,  as  one  might  say,  in  hard  work  was  evidenced  in 
the  fact  that  the  programme  contained  a  list  of  twenty-eight  papers,  and 
of  these  twenty-five  were  actually  read  and  discussed.  To  get  through 
such  a  task  it  was  necessary  to  keep  steadily  at  work  from  9  a.m.  to  noon, 
and  from  1  p.m.  to  6  p.m.  The  papers  were  classified,  those  on  General 
Meteorology  occupying  the  afternoon  meeting  of  the  28th,  the  authors 
being  Vice-Director  Steen,  Dr.  Jensen,  and  Professors  Schubert  and 
Koppen.  Nearly  the  whole  of  the  29th  was  devoted  to  the  Meteorology 
of  the  Upper  Air,  the  contributors  being  M.  Teisserenc  de  Bort,  Professors 
Botch,  Hergesell,  Erk,  Schreiber  and  MoUer,  and  Drs.  Wegener,  Schmauss 
and  Goym,  while  Professors  Bornstein  and  Grossmann  brought  the  day 
to  a  close  with  papers  on  Weather  Reports.  It  had  been  the  intention 
to  hold  only  a  forenoon  meeting  on  the  30th,  but  to  complete  the  task 
which  had  been  set  an  afternoon  sitting  was  necessary,  the  day  being 
given  up  to  Weather  Reports,  General  Meteorology,  and  Atmospheric 
Electricity,  papers  being  read  by  Professors  Koppen,  Assmann,  Kassner, 
Erk  and  Liideling,  and  Drs.  Polls,  Steffens  and  Less. 

This  bare  list  of  the  names  of  the  authors  is  sufficient  to  indicate  that 
the  contributions  were  of  the  highest  order.  From  such  a  "  feast  of 
reason  ''  it  is  extremely  difficult  to  make  a  selection  for  special  mention, 
but  I  might  be  permitted  to  refer  briefly  to  two  communications  which 
could  be  described  as  of  an  immediately  practical  character. 

The  enlistment  of  wireless  telegraphy  as  a  powerful  aid  in  weather 
forecasting  is  of  the  utmost  importance  to  Meteorological  Science,  and 
more  especially  to  ourselves,  for  the  British  Isles  have  hitherto  had  the 
impenetrably  mysterious  Atlantic  to  windward. 

During  the  past  summer  Dr.  Polis,  Director  of  the  Aachen  Meteoro- 
logical Observatory,  made  a  special  voyage  to  and  from  New  York,  on 
the  Hamburg-Amerika  Liner  Kaiserin  Augusta  Victoria,  with  the  object 
of  studying  the  practicability  of  collecting  ocean  weather  observations  by 
means  of  wireless  telegraphy.  The  result  was  a  series  of  daily  maps 
prepared  from  the  reports  thus  received,  and  thrown  on  the  screen  they 
formed  one  of  the  most  interesting  exhibits  at  the  meeting.  Day  by  day 
the  ship  was  the  centre  of  a  network  of  observers  within  a  radius  of  from 
350  to  500  miles.  A  suggestion  was  made  that,  for  Weather  Report 
purposes,  the  observations  on  board  wireless  vessels  beyond  the  reach  of 
direct  communication  with  coast  stations  should  be  collected  by  other 
ships  nearer  land.  Even  if  such  far -distant  observations  arrived  in 
London,  Paris,  Hamburg,  or  other  centres,  too  late  for  use  with,  say, 
the  morning  report,  they  would  still  be  of  value  in  the  preparation  of 
later  reports.  Dr.  Polis  thought  that  Germany  might  issue  two  reports 
daily,  instead  of  the  morning  one  only  as  at  present.  So  important  was 
the  report  by  Dr.  Polis  regarded  that  an  official  investigation  of  the 
subject  has  been  undertaken,  and  the  Council  of  the  Seewarte  has  already 
taken  some  steps  to  organise  a  practical  test  before  finally  deciding  what 
it  is  possible  to  accomplish  with  the  means  at  present  available. 
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The  paper  by  Professor  Bornstein  on  the  German  Public  Weather 
Services  described  the  remarkable  development  of  the  scheme  for  pro- 
viding the  public  with  the  earliest  possible  official  information  relating  to 
the  weather.  From  the  Seewarte  is  issued  the  complete  lithographed 
daily  report,  but  late  in  the  afternoon,  so  that  when  it  reaches  subscribers 
the  information  is  a  day  old.  By  this  time  it  has  been  felt  that  im- 
mediate practical  interest  in  them  has  evaporated — they  belong  more 
to  the  past  than  to  the  present.  Three  years  ago  the  question  of  how 
to  bring  the  reports  to  the  immediate  notice  of  the  public  was  under 
discussion,  and  the  German  Government,  with  that  unbounded  liberality 
which  characterises  all  its  doings  when  the  advancement  of  science  is 
desired,  at  once  supplied  the  means  for  carrying  out  the  scheme  pro- 
posed. The  Empire  was  divided  into  about  a  dozen  districts,  each  having 
its  central  distributing  station,  and  in  a  few  cases  a  branch  station. 
Berlin,  Hamburg,  Aachen,  Frankfort,  Weilburg,  etc.,  are  centres  for  the 
prompt  dissemination  of  daily  meteorological  reports  through  their  sur- 
rounding districts. 

To  render  the  scheme  at  all  practicable  it  was  absolutely  necessary  to 
make  liberal  use  of  the  telegraph  service,  that  there  should  be  no  delay 
in  the  transmission  of  messages,  and  that  the  cost  should  be  merely 
nominal.  These  concessions  have  been  willingly  granted,  the  official 
meteorological  telegrams  having  priority  on  the  wires,  and  the  cost  of 
transmission  is  only  one-sixth  that  of  the  public  rate ! 

At  8  a.m.,  Middle  European  Time  (7  a.m.  Greenwich),  observations 
are  taken  over  practically  the  whole  of  Europe,  and  from  many  scores  of 
stations  reports  are  immediately  telegraphed  to  the  Deutsche  Seewarte, 
at  Hamburg,  for  the  preparation  of  the  more  elaborate  Official  Weather 
Report.  To  save  time,  a  special  staff  from  the  Seewarte  attends  at  the 
Central  Telegraph  Office  to  receive  the  telegrams,  and  to  sort  out  a 
considerable  number  of  representative  ones — ^from  Western  Ireland  and 
Iceland  to  Western  Russia,  and  from  Northern  Norway  to  Sardinia — 
which  are  used  to  prepare  a  chart  showing  the  distribution  of  pressure, 
the  winds,  the  temperature,  and  the  weather  over  the  region.  Such  is 
the  remarkable  rapidity  with  which  the  telegrams  pour  in,  that  by 
9.15  a.m. — that  is,  only  75  minutes  from  the  time  of  observation  over 
an  area  of  more  than  3,000,000  square  miles — the  chart,  with  the 
addition  of  a  general  summary  of  the  conditions,  is  nearly  ready  for 
printing!  In  fact,  there  is  so  much  information  available  that  at 
9.15  a.m.,  to  the  minute,  a  long  message  containing  reports  from  more 
than  fifty  of  the  selected  stations  is  despatched  to  the  various  centres  and 
to  several  newspapers — forty-five  telegrams  in  all — to  enable  the  local 
authorities  to  proceed  with  the  preparation  of  a  similar  weather  map  to 
that  being  hurried  on  at  Hamburg.  By  9.30  a.m.  the  Hamburg  report 
is  completed,  and  copies  are  being  struck  off  for  distribution  amongst  a 
thousand  subscribers  in  the  district  At  the  meetings  of  the  Society 
copies  were  delivered  each  morning  before  9.45.  I  have  here  one  of 
several  copies  actually  printed  before  9.30  a.m.  on  October  2. 

At  9.45  a.m.  another  and  final  telegram,  containing  reports  received 
in  the  last  half  hour,  is  despatched  to  the  district  centres  for  the  com- 
pletion of  the  work.  Not  a  moment  is  lost  anywhere.  For  instance, 
having  watched  the  progress  of  the  work  at  the  head  centre,  Hamburg,  I 
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decided  on  proceeding  to  Aachen  to  witness  another  stage.  There  I 
found  the  long  report,  timed  9.15  a.m.  from  Hamburg,  already  being 
charted  by  9.30  a.m. ;  the  additional  9.45  a.m.  message  from  Hamburg 
was  signalled  on  the  instrument  at  9.55  a.m.,  and  ten  minutes  later  the 
map,  remarks,  and  extra  local  reports  had  been  completed,  and  soon  a 
cyclist  was  speeding  away  with  copies  for  distribution,  the  district 
having  1100  subscribers  in  summer,  600  in  winter.  An  endeavour  is 
made  to  have  the  report  in  the  hands  of  the  public  in  the  course  of  the 
forenoon  ;  but  Berlin  issues  a  more  complete  report  with  much  additional 
information,  so  that  it  does  not  appear  until  about  noon.  The  great 
advantage  of  these  reports  is  that  they  exhibit  the  conditions  of  to-day, 
and  not  those  of  yesterday.  Each  centre  is  at  liberty  to  add  to  the 
reports  received  from  the  Seewarte,  and  it  will  be  seen  from  the  copies 
exhibited  that  advantage  is  taken  of  this  liberty  to  give  much  informa- 
tion of  local  and  of  other  interests — reports  from  high  level  stations,  kite 
observations  at  Lindenberg  and  Friednchshafen,  accounts  of  balloon  flights, 
local  weather  and  river  observations,  etc. 

There  are  now  between  7000  and  8000  subscribers  for  these  reports. 
They  are  studied  in  the  universities,  in  agricultural  and  other  colleges, 
in  many  of  the  ordinary  schools,  exhibited  inside  and  outside  numerous 
public  institutions,  at  health  resorts,  at  various  post  offices,  railway 
stations,  and  hotels;  with  the  result  that,  after  an  experience  of  less 
than  three  years,  the  general  public  are  found  to  be  taking  an  intelligent 
interest  in  them. 

As  to  the  cost — well,  any  one  can  go  into  a  post  office  and  order  the 
daily  weather  reports  for  a  month  or  for  two  or  three  months,  and  the 
payment  demanded  amounts  to  the  sum  of  one  farthing  per  day,  indvdiivg 
delivery  by  post  / 

To  the  foregoing  account  of  the  solid  work  which  we  got  through,  I 
will  only  add  that  agreeable  relaxation  was  provided  for  us  every  evening. 
On  the  28th  Dr.  Burchard,  the  Burgomaster,  on  behalf  of  the  Senate  of 
Hamburg,  held  a  Reception  at  the  Eathaus.  In  honour  of  the  foreign 
guests  their  consular  representatives  were  invited,  and  the  British  Consul- 
General,  Sir  William  Ward,  C.V.O.,  consequently  attended  the  Reception. 
Next  evening  there  was  a  largely  attended  dinner  at  the  Hamburger  Hof ; 
and  on  the  30th,  members  were  taken  on  a  steamer  provided  by  the 
Hamburg-Amerika  Company  round  the  extensive  harbour,  and  on  a  run 
down  the  Elbe,  then  returning  to  inspect  the  Company's  10,000  ton  mail 
steamer,  the  Kbnig  Wilhelm  IL  On  October  1,  the  Seewarte  and  other 
establishments  were  thrown  open  to  the  visitors;  and  late  in  the  day 
many  members  proceeded  to  Gross-Borstel  to  inspect  the  official  kite- 
flying station,  and  to  witness  the  ascent  of  an  unmanned  balloon,  with 
self-registering  instruments  suspended  below,  the  method  employed  for 
recording  the  position  of  the  balloon,  until  at  last  it  disappeared  in  the 
darkness  of  night,  being  watched  with  the  greatest  interest.  A  dinner 
given  by  Professor  Koppen  brought  a  most  successful  meeting  to  a  close. 


After  the  reading  of  the  above  Report : — 

The  President  (Dr.  H.  R.  Mill)  said  they  were  much  indebted  for  the  able 
manner  in  which  Mr.  Harries  had  represented  the  Society,  and  also  for  the 
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extremely  interesting  account  he  had  given  of  the  proceedings  at  Hamburg. 
He  wished  to  express  to  Mr.  Harries  their  hearty  thanks  for  his  kindness  both 
in  going  to  Hamburg  on  behalf  of  the  Society,  and  coming  there  that  evening  to 
read  his  Report ;  and  he  would  inform  Dr.  Hellmann  of  the  interest  with  which 
the  Report  had  been  received,  and  assure  him  of  the  hearty  goodwill  of  this 
Society  to  the  sister  society; in  Germany. 


Oceanography  and  Climatology. 

At  the  recent  International  Geographical  Congress  at  Geneva,  Prof.  O. 
Pettersson  of  Stockholm  and  Prof.  G.  Schott  of  Hamburg  contributed  papers, 
explaining  the  necessity  of  commencing  as  soon  as  practicable  an  exploration  of 
the  Atlantic  Ocean  on  an  international  basis  with  respect  to  its  physical  and 
biological  conditions.  The  substance  of  the  two  papers  was  given  in  an  article 
in  the  Geographical  Journal  for  January  1909,  from  which  we  extract  the 
following : — 

1.  *' In  regard  to  Oceanography  and  Climatology.  All  deep-sea  expeditions 
of  later  years  have  started  from  Europe  to  the  southward,  and  have  occupied 
themselves  principally  with  the  eastern  half  of  the  South  Atlantic.  But  about 
the  interesting  and  complicated  conditions  of  the  western  half  of  the  North 
Atlantic  Ocean,  within  the  boundaries  of  the  Gulf  Stream  and  the  Labrador 
Current,  no  systematic  deep-sea  research  has  been  made  with  modem  instru- 
ments and  by  modern  methods  since  the  days  of  the  Challenger  expedition, 
excepting  some  observations  of  the  U.S.  s.8.  Albatross.  There  can  hardly  be 
any  doubt  that  what  is  going  on  in  the  western  part  of  the  ocean  will  furnish 
a  key  to  what  is  going  on  in  the  eastern  part,  that  is  to  say,  on  the  European 
side. 

^*  We  know  nearly  nothing  about  the  magnitude  and  laws  of  the  changing 
variations  of  the  Atlantic  currents  in  regard  to  strength  or  temperature.  In 
this  respect  a  foundation  ought  to  be  laid  for  all  later  investigations.  The  non- 
periodic  changes  in  the  temperature  of  these  currents,  principally  those  of  the 
Gulf  Stream,  are  of  vast  importance  for  Western  Europe.  Their  causes  must 
be  looked  for  in  the  Gulf  Stream  itself.  Hence  the  necessity  of  following  it  up 
to  its  origin  further  westward.  By  careful  investigations  of  different  scientists 
it  appears  very  probable  that  these  non-periodical  changes  in  the  Atlantic 
temperature  have  a  deep  and  far-reaching  influence,  not  only  upon  the  weather, 
but  also  upon  the  vegetation  and  the  harvest  results  of  Europe.  A  study  of 
the  primary  causes  of  these  changes  is  thus  not  only  of  purely  scientific,  but 
also  of  great  practical,  interest. 

2.  "In  regard  to  Meteorology  and  Aerology,  oceanographical  expeditions 
upon  the  Atlantic  Ocean  will  open  up  regions  hitherto  nearly  altogether  closed, 
namely,  the  investigation  of  the  physical  conditions  of  the  higher  strata  of  the 
atmosphere  above  this  ocean.  In  this  respect  the  forties  and  fifties  of  latitude 
seem  specially  important  for  Europe,  because  the  highways  of  barometric  depres- 
sions run  here  about  west-east  and  south-west-north-west.  It  is  mainly  the 
direction  and  frequency  of  these  great  atmospheric  whirls  which  decide  the 
character  of  the  weather  in  European  countries.  These  oceanographical  and 
meteorological  factors  are  so  closely  interwoven  that  it  is  at  present  yet  impos- 
sible  to  say  what  is  cause  and  what  is  effect." 
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INVESTIGATION  OF  THE  ELECTRICAL  STATE  OF  THE 
UPPER  ATMOSPHERE,  MADE  AT  THE  HOWARD 
ESTATE  OBSERVATORY,  GLOSSOP. 

By  W.  MAKOWER,  MARGARET  WHITE,  and   E.  MARSDEN. 
Communicated  by  J.  E.  Pbtavbl,  F.R.S.,  F.R.MetSoa 

[Read  November  18,  1908.] 

As  is  well  known,  there  exists  under  normal  atmospheric  conditions  a 
potential  gradient  in  the  atmosphere  surrounding  the  earth.  The  earth 
being  negatively  charged  with  respect  to  the  air  a  continuous  electric 
current  flows  from  upper  atmosphere  to  earth.  The  magnitude  of 
this  current  has  been  estimated  at  2*2  x  10"^®  amperes  and  2'4  x  IQ-^® 
amperes  per  square  centimetre  of  the  ground  by  Mr.  C.  T.  R.  Wilson, 
F.R.S.,^  and  H.  Gerdien  ^  respectively.  It  follows,  therefore,  that  a  kite 
attached  to  an  earth-connected  wire  will  tend  to  assume  the  potential  of 
the  air  surrounding  it,  and  an  electric  current  will  flow  continuously 
down  the  wire  to  earth  through  the  winding  machine  to  which  the  wire  is 
attached.  The  experiments  to  be  described  were  undertaken  with  a  view 
to  determining  the  magnitude  of  this  current  when  the  kite  was  at 
different  heights  above  the  ground.  If,  however,  the  kite  is  insulated 
from  the  earth,  it  will  assume  the  potential  of  the  air  surrounding  it^  and  the 
potential  will  depend  on  its  height  above  the  earth.  Some  experiments 
were  also  made  to  ascertain  the  potential  of  the  air  at  different  heights 
above  the  ground,  by  insulating  the  kite  and  determining  its  potential, 
but  these  preliminary  observations  were  discontinued  on  account  of  the 
difficulty  of  satisfactorily  insulating  the  kite  when  dealing  with  the  large 
differences  of  potential  to  be  measured  when  the  kite  was  at  great  heights 
above  the  ground.  We  hope  shortly  to  overcome  these  difficulties,  and 
to  carry  out  experiments  to  measure  the  difference  of  potential  between 
the  ground  and  an  insulated  kite  at  various  heights. 

In  the  earlier  experiments  the  wire  carrying  the  kite  was  detached 
from  the  winding  drum  before  beginning  measurements,  and  flxed  to  a 
stout  piece  of  ebonite  securely  attached  to  the  ground.  An  insulated  wire 
was  taken  from  the  lower  end  of  the  kite  wire  to  one  terminal  of  a 
galvanometer,  the  other  terminal  being  connected  to  earth.  Thus  the 
current  passing  down  the  kite  wire  to  earth  passed  through  the  galvano- 
meter. By  calibrating  the  scale  of  the  galvanometer,  the  current  flowing 
down  the  kite  wire  could  be  deduced. 

The  galvanometer  was  of  the  moving  coil  type  and  quite  dead-beat, 
so  that  even  rapid  variations  in  the  current  could  be  detected  and 
recorded.  The  sensitiveness  was  such  that  a  current  of  10~^  amperes 
could  be  detected. 

In  order  to  make  measurements  of  the  cun-ent  when  the  kite  was  at 
different  heights  above  the  ground,  about  a  mile  of  steel  wire  was  wound 
on  a  drum  in  lengths  varying  from    600   ft.    to   2000   ft.,  the   lower 

1  C.  T.  R.  Wilson,  Proceedings  Hoyal  Society,  vol.  80,  p.  537. 
^  Gerdien,  Fhysikalische  Zeitschrtft,  vol.  6,  1905. 
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extremity  of  the  wire  in  each  case  being  fastened  to  the  ebonite  insulator. 
As  in  these  experiments  the  kite  carried  no  recording  barometer, 
the  altitude  of  the  kite  above  the  ground  was  estimated  by  recording  the 
length  of  wire  out  and  the  angle  of  the  kite  above  the  horizon.  Although 
this  method  of  determining  the  height  of  the  kite  above  the  ground  is 
very  rough,  it  served  sufficiently  well  for  these  experiments. 


2  4-6 

Current  in  Amperes  x  10'^ 

Fio.  1. — Carrent  Height  Curves— 1st  method.     The  numbers  on  the 
curves  refer  to  the  dates. 

The  currents  obtained  when  the  kite  was  at  different  heights  above 
the  ground  are  shown  in  Fig.  1. 

It  will  be  seen  that  the  current  varied  in  a  somewhat  irregular  manner 
with  the  heights  above  the  ground,  and  was  different  on  different  days 
for  the  same  height. 

Each  point  of  the  curves  represents  the  mean  cun'ent  passing  through 
the  galvanometer  while  the  observations  were  in  progress,  for,  as  might 
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have  been  expected,  the  current  varied  considerably  as  the  kite  rose  and 
fell,  the  fluctuations  being  most  noticeable  on  windy  or  gusty  days. 

At  the  greater  heights  the  currents  were  so  large  that  it  was  found 
necessary  to  shunt  the  galvanometer  with  low  resistances,  in  order  to  get 
readable  deflections.  As  the  resistance  of  the  kite  wire  itself  was  known 
(being  equal  to  -0925  ohm  per  foot)  it  was  thought  that  it  might  be 


^         9         8         10         12        14^        IS        18        20 
Current   in   Amperes  aIO'S 


22       24 


Fio.  2. — Current  Height  Curves — 2nd  Method.    The  numbers  on  the 
curves  refer  to  the  dates. 

possible  to  make  use  of  a  length  of  the  kite  wire  to  shunt  the  galvano- 
meter, and  so  take  readings  during  the  ordinary  kite  flights,  which  were 
daUy  in  progress,  and  thus  avoid  detaching  the  kite  from  the  winding 
machine.^  For  this  purpose  one  terminal  of  the  galvanometer  was  con- 
nected to  the  winding-machine  which  was  earthed,  the  other  terminal 
being  connected  to  a  point  along  the  wire  67^  ft.  distant  from  the 
machine.     In  this  way  the  galvanometer  was  shunted  by  a  resistance  of 

^  We  are  indebted  to  Mr.  A.  J.  Makower  for  suggesting  this  method  and  for  some 
aasistanoe  in  carrying  out  the  experiments. 
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6*24  ohms,  and,  with  a  knowledge  of  the  resistance  of  the  galvanometer 
and  the  leads  used,  it  was  possible  to  calculate  the  fraction  of  the  current 
flowing  down  the  kite  wire,  which  was  conveyed  to  earth  through  the 
galvanometer.  From  these  observations  the  current  flowing  from  the 
kite  to  earth  could  easily  be  calculated. 

The  advantages  of  this  method  of  working  are  so  obvious  as  to  merely 
need  mentioning.  In  the  first  place,  it  was  possible  to  take  observations 
during  the  daily  ascents  which  were  made  at  Glossop,  and  so  obtain 
information  at  greater  heights  than  was  possible  when  flying  special  kitea 
in  the  manner  described  above. 

In  the  second  place,  the  kite  carried  a  recording  barometer,  from 
which  the  heights  of  the  kite  above  the  ground  at  any  instant  could  be 
determined  with  greater  precision  than  in  the  previous  measurements. 

On  the  other  hand,  the  method  was  subject  to  the  disadvantage  that 
the  electrical  measurements  were  now  subject  to  errors  due  to  faulty  con- 
tacts, or  other  uncertain  resistances  in  the  galvanometer  circuit.  Consider- 
able care  was  exercised  to  reduce  errors  due  to  this  cause,  and  it  was 
thought  that  the  advantages  to  be  gained  by  the  use  of  this  method  out- 
weighed the  inconsiderable  loss  of  accuracy  in  the  electrical  measurements. 

Observations  were  obtained  in  this  way  up  to  heights  of  6500  ft. 
above  the  ground,  and  the  results  obtained  are  shown  in  Fig.  2. 

The  general  features  of  the  results  are  the  same  as  those  obtained  in 
the  previous  experiments,  and  it  is  again  noticeable  that  the  current  pass- 
ing down  the  kite  wire  at  any  height  exhibits  considerable  fluctuations. 

Although  the  cause  of  these  irregularities  in  the  current  is  not 
altogether  clear,  it  seems  certain  that  they  are  in  part  due  to  changes 
in  wind  velocity.  In  general  a  high  wind  produced  at  a  given  altitude 
an  abnormally  high  value  of  the  current  flowing  down  the  wire. 
Whether  the  action  of  the  wind  is  to  be  accounted  for  by  the  greater 
volume  of  air  which  passes  in  a  given  time  over  the  sails  of  the  kite,  so* 
giving  a  greater  volume  of  air  from  which  electricity  is  collected,  or 
whether  the  action  of  the  wind  is  to  be  attributed  to  electrification  by 
friction,  it  is  diflicult  to  say ;  but  it  will  be  seen  from  Fig.  3  that  the 
velocity  of  the  wind  does  play  an  important  part  in  determining  the 
current  flowing  down  the  kite  wire. 

In  Fig.  3  the  points  connected  by  the  dotted  line  show  the  values  of 
the  current  on  diff'erent  days  at  heights  500,  1000,  2000,  3000,  4000, 
5000,  6000  ft.  above  the  ground  respectively.  The  points  connected  by 
the  continuous  line  give  the  wind  velocities  as  recorded  by  the  wind 
gauge  on  the  kite  at  the  times  of  observing  the  current  flowing  down 
the  kite  wire. 

It  will  be  seen  that  in  general  a  high  value  of  the  current  corresponds 
with  a  high  wind  velocity,  and  a  low  wind  with  a  low  value  of  the  current, 
although  it  cannot  be  claimed  that  the  correspondence  is  complete.  The 
general  nature  of  the  results  would  seem  to  indicate  that  the  wind  is  an 
important  factor,  though  not  the  only  one,  which  causes  the  large  fluctua- 
tions from  day  to  day  in  the  value  of  the  current  flowing  to  earth.  In 
further  confirmation  it  may  be  added  that  observations  made  with  a 
captive  balloon  in  very  calm  weather  gave  abnormally  low  values  for  the 
current. 

A  general  summary  of  the  currents  obtained  on  the  different  days  is 


Digitized  by 


Google 


ELEOTEICAL  STATE  OF  UPPER  ATMOSPHERE 


11 


shown  in  the  accompanying  table  (p.  12).  Numbers  are  given  at  each 
successive  250  ft.  above  the  ground,  and  represent  the  actual  readings 
obtained  at  the  various  heights,  or  at  the  nearest  height  in  case  an'obser- 
vation  was  not  made  exactly  at  a  multiple  of  250  ft. 
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We  take  this  opportunity  of  expressing  our  sense  of  obligation  to 
Professor  J.  E.  Petavel,  F.RS.,  for  valuable  suggestions  with  regard  to 
the  work,  and  to  Mr.  T.  Y.  Pring  for  his  courtesy  in  allowing  us  to  take 
advantage  of  the  daily  kite  ascents. 
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DISCUSSION. 

Mr.  W.  H.  Dikes  said  he  thought  the  results  ohtained  were  very  interest- 
ing. He  regretted  the  absence  of  the  authors  of  the  paper,  as  he  would 
have  liked  to  ask  several  questions.  The  point  of  interest  was  to  get  the 
potential  of  the  atmosphere  at  various  heights.  He  did  not  think  the  magni- 
tude of  the  current  conveyed  a  great  amount  of  information.  The  length  and  resist- 
ance of  the  wire  out  had  not  apparently  been  taken  into  account ;  this  must  re- 
duce the  current^  possibly  from  10  to  20  per  cent.  Another  point  was — how 
much  of  the  electricity  was  collected  by  the  wire,  and  how  much  by  the  kite  ? 
He  did  not  know  from  where  the  current  came,  it  might  be  chiefly  from  the 
kite  or  perhaps  a  considerable  portion  might  be  collected  by  the  wire. 

Mr.  W.  W.  Brtant  remarked  that  the  wire  used  in  these  experiments 
seemed  not  to  have  been  insulated  wire,  but  ordinary  kite  wire.  If  this  were  so, 
there  was  an  enormous  assumption  involved  in  the  idea  that  the  potential  at  the 
lower  end  of  the  wire  would  be  the  same  as  that  of  the  air  at  the  upper  end. 
There  would  be  a  considerable  amount  of  leakage  on  the  way  down  the  wire, 
especially  when  there  was  much  wind.  To  get  atmospheric  electricity  every- 
thing must  be  insulated  between  the  collector  (whether  water,  flame,  or  kite) 
and  the  galvanometer.  Without  such  insulation,  the  experiment,  in  itself  very 
promising,  would  give  erroneous  results. 

Capt.  D.  Wilson-Babker  said,  that  if  the  wire  were  insulated,  the  kite  only 
would  be  the  collector  of  electricity.  Insulated  wire  was  more  expensive  and 
difficult  to  handle.  He  took  these  experiments  to  be  more  or  less  tentative,  and 
to  encourage  others. 

Mr.  W.  H.  Dines  remarked  that  they  were  obliged  to  take  what  they  could 
get,  and  not  what  they  would  wish.  Insulated  wire  would  certainly  be  better, 
but  they  could  not  get  it  to  a  height  of  6000  ft,  as  the  wind-resistance  on  the 
insulation  would  prevent  such  a  height  being  reached.  In  answer  to  a  query  as 
to  whether  the  oil  on  the  wire  would  serve  as  an  efficient  insulator,  Mr.  Dines 
replied  he  was  unable  to  say. 

Capt  D.  Wilson-Barker  said  that  many  years  ago  he  had  made  experi- 
ments on  board  ship  with  insulated  wire  at  the  masthead,  but  had  obtained  no 
satisfactory  results. 

The  Hon.  C.  S.  Bolls  said  he  would  like  to  know  if  the  phenomenon 
commonly  known  as  St  Elmo's  fire  could  be  accounted  for.  This  had  been 
observed  in  balloons  at  night-time.  On  two  occasions  it  had .  been  seen  at  a 
height  of  from  3000  to  5000  ft,  and  in  a  strong  wind  blowing  above  30  miles 
an  hour.  The  rigging  of  the  balloons  became  covered  with  a  kind  of  luminous 
fluid.  If  one  rubbed  one's  hand  against  any  part  of  the  balloon  it  becomes 
luminous  also.  There  were,  however,  no  actual  sparks,  but  he  would  be  in- 
terested to  know  if  it  were  possible  to  ignite  the  gas  with  this  light  The  last 
two  occasions  on  which  this  phenomenon  was  observed  had  occurred  in  winter 
when  it  was  snowing  around  the  balloon,  and  it  would  hardly  be  called  electrical 
weather.  The  fact  of  electricity  being  in  the  air  was,  of  course,  well  known  to 
aeronauts  ;  when  coming  down  rapidly,  precautions  had  to  be  taken  to  avoid  any 
discharge  of  electricity  on  the  gas.  It  was  advisable,  in  some  types  of  balloons 
containing  much  metal,  to  take  a  piece  of  wire  attached  to  some  metallic  part  of 
the  balloon  and  drop  it  on  the  ground,  so  as  to  dischaige  the  current  which 
might  have  accumulated,  before  deflating  the  balloon. 

Mr.  W.  Makower  in  a  letter  to  the  Secretary  made  the  following  reply : — 

*<  In  the  first  place  I  should  like  to  express  my  regret  that  I  was  not  present 
at  the  meeting  to  answer  the  questions  raised  in  the  discussion.  In  reply  to 
Mr.  Dines  I  would  say  that  the  resistance  of  the  kite  wire  did  not  affect  the 
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reflults.  An  experiment  was  tried  in  wbicli  a  megohm  was  placed  between  the 
kite  and  galvanometer  without  altering  the  magnitude  of  the  current  Experi- 
ments are  at  present  being  undertaken  to  find  whether  the  current  can  be  reduced 
by  much  greater  resistances,  but  as  yet  no  results  have  been  obtained.  The 
question  as  to  the  relative  quantities  of  electricity  collected  by  the  kite  and  wire 
is  a  difficult  one  to  answer,  but,  although  nothing  can  yet  be  said  with  certainty, 
it  seems  probable  that  the  major  part  is  collected  by  the  kite.  With  regard 
to  Mr.  Bryant's  question  as  to  the  leakage  from  the  wire,  there  seems  little 
room  for  errors  from  this  cause,  as  there  was  never  an  appreciable  difference  of 
potential  between  the  kite  and  earth.  The  main  drop  of  potential  was  between 
the  kite  and  the  air  surrounding  it^  from  which  the  electricity  was  being 
collected. 


Boyal  Observatory  of  Belgium. 

M.  J.  Vincent  has  been  appointed  Director  of  the  Meteorological  Service  of 
the  Royal  Observatory  of  Belgium,  in  succession  to  the  late  M.  Albert 
Lancaster. 

The  Olimate  of  Orkney. 

Mr.  Magnus  Spence,  in  a  paper  in  the  Journal  of  the  Scottish  Meteorological 
Society,  gives  some  interesting  information  on  the  climate  of  Orkney.  Before 
examining  the  statistics  of  the  subject,  he  says,  we  may  be  permitted,  however 
futile  some  may  consider  the  inquiry,  to  relate  the  current  opinion  of  Orcadians 
who  are  octogenarians.  If  you  were  to  ask  them  regarding  the  weather  in  their 
young  days,  almost  without  exception  they  would  reply ;  "  The  winters  were 
colder ;  snows  and  frost  were  more  frequent  and  more  severe  ;  houses  were 
often  blocked  with  snow,  so  that  people  had  sometimes  to  be  dug  out ;  lochs 
were  so  icebound  that  men,  and  even  horses  and  carts,  were  known  to  cross 
them  on  ice ;  the  like  is  never  heard  of  now  ;  in  summer  it  was  so  warm  that 
most  of  the  farmers  carted  their  peats  from  2  a.m.  to  10  a.m.  to  avoid  the 
excessive  warmth  of  midday."  Some  of  this,  but  not  all,  may  be  explained  on 
the  assumptions  that  young  blood  registers  a  higher  temperature  than  old,  and 
that  periodic  reflections  on  unusual  phenomena  tend  to  their  exaggeration.  The 
year  1826  was  unusually  dry,  and  the  crops  were  miserable.  Captain  Oman, 
Stenness,  a  reliable  observer,  stated,  and  others  confirmed  his  statement^  that 
from  the  sowing  of  here,  about  May  12,  till  the  crop  was  reaped,  probably  in 
the  first  week  of  August,  there  was  not  one  shower.  The  crop  was  too  poor  in 
most  cases  to  cut,  and  had  to  be  pulled  up  by  the  roots. 

After  discussing  the  available  statistics,  Mr.  Spence  says :  "  In  conclusion, 
the  climate  of  Orkney  is  very  much  that  of  the  east  coast  of  Scotland.  Its  ex- 
tremes of  temperature  are  not  so  great.  Its  rainfall  is  slightly  higher.  The 
growth  of  vegetation  is  often  greatly  retarded  in  spring,  considerably  more  so 
than  on  the  mainland  of  Scotland.  During  April,  May,  and  June,  till  Mid- 
summer Day,  spells  of  cold  weather  with  North  wind  set  in  and  prevent  the 
progress  natural  to  the  season.  Then  gales,  as  those  of  1890  and  1907,  wither 
the  growing  grain  and  check  vegetable  growth  for  at  least  a  fortnight  After 
that  rapid  progress  takes  place,  and  heavy  crops  are  often  produced.  Harvests 
are  generally  a  fortnight  later  than  in  Aberdeen,  but  seedtime  is  also  much 
later.  Bere,  which  is  much  grown  on  land  where  seaweed  is  available,  has 
been  often  sown  in  the  third  week  of  May,  and  cut  in  the  second  week  of 
August,  thus  growing  and  ripening  in  eleven  weeks.  It  has  been  known  to  do 
this  in  ten  weeks,  but  that  is  unusual." 
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BALLOON  OBSERVATIONS  AT  BIRDHILL,   CO.   LIMERICK, 
DURING  JULY  AND  AUGUST   1908. 

By  Capt.  C.  H.  LEY,  F.R.MetSoc. 
[Read  November  18,  1908.] 

Site. 

The  site  chosen  for  the  upper  air  station  in  Ireland  was  near  Birdhill  in 
the  valley  of  the  river  Shannon,  and  some  3  miles  south  of  Loch  Derg. 
This  site,  though  some  25  miles  south-west  of  that  suggested  by  the 
Kite  Committee,  was  selected  on  the  map  as  one  giving  a  good  chance 
for  recovery  of  balloons  in  winds  blowing  from  a  Southerly  or  Westerly 
point,  and  at  the  same  time  as  furnishing  the  topographical  features  of  a 
broad  river,  flat  valley  and  lake,  and  high  encircling  hills. 

The  instrument,  an  8-inch  special  theodolite,  was  erected  on  a  tree 
trunk,  placed  on  the  top  of  a  small  rise  about  150  ft.  above  and  I  mile 
distant  from  the  west  bank  of  the  river,  and  commanded  a  complete  view 
of  the  horizon.  The  party  were  encamped  near  by,  utilised  an  empty 
shed  for  the  storage  of  hydrogen  and  filling  of  balloons,  and  were  assisted 
in  every  way  by  the  owner  of  the  farm  and  by  Captain  Twiss  of  Birdhill 
House.  With  this  assistance  and  with  that  of  the  weather,  which  was 
unusually  favourable  for  Ireland,  the  results  on  the  whole  were  successful, 
and  a  very  large  percentage  of  long  runs  were  obtained. 

Success  in  this  respect  depends  mainly  on  being  able  to  seize  every 
fleeting  opportunity  as  it  occurs,  and  to  utilise  not  only  the  early  morning 
and  late  evening  hours,  but  also  the  night-time,  and  this  can  best  be 
done  by  a  party  under  canvas. 

Buns. 

The  trajectory  table  (p.  24)  shows  a  table  of  25  balloons,  including  7 
registering  balloons.  Of  these  1  was  observed  to  a  height  of  nearly 
33,000  ft.,  4  to  over  20,000  ft.,  7  to  over  15,000  ft.,  and  4  to  over 
10,000  ft. 

In  the  case  of  the  registering  balloons,  owing  to  the  disproportion- 
ately large  lifting  force,  the  subtense  method  described  below  had  to  be 
abandoned  (except  in  the  case  of  No.  I.).  Moreover,  as  they  were  usually 
sent  up  in  dusk,  the  diameter  method  only  proved  available  in  the  case 
of  No.  XVIII.,  hence  5  of  these  were  not  observed. 

As  regards  horizontal  distance  several  balloons  were  observed  to 
126,000  ft.  (24  miles),  and  one  to  an  actual  range  of  130,000  ft.  This 
may  be  considered  the  practical  limit  of  vision  on  an  opaque  balloon  2^  ft. 
in  diameter  with  a  35-power  telescope  in  a  clear  atmosphere. 

A  feature  developed  during  the  course  of  the  experiments  was  the 
observation  of  balloons  at  night  by  means  of  naked  acetylene  lights. 
After  some  trouble  these  proved  quite  successful,  gave  long  runs  with 
less  risk  of  being  lost  in  small  clouds,  and  afforded  points  of  light  which 
could  be  observed  on  with  great  accuracy.    The  method  is  described  below. 
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Begistering  Balloons, 

These  were  sent  up  on  the  International  days  in  July,  viz.,  2nd,  27th^ 
28th,  29th,  30th,  and  Slst. 

The  original  intention  was  to  send  up  one  or  two  in  addition  to  the 


Fio.  1.— -Trajectories  of  Balloons  sent  up  from  Birdliill,  Co.  Limerick,  July  and  August  1908. 
The  path  of  No.  II.  runs  closely  by  the  side  of  No.  I. 

above  on  selected  occasions,  with  a  view  to  dropping  them  in  England, 
and  arrangements  were  made  with  the  Meteorological  Office  for  telegraphic 
information  as  to  the  calculated  probable  direction  and  velocity  of  the 
upper  current  on  the  occasion  in  question.  The  method  proposed  was  to 
then  calculate  the  distension  to  be  given  to  the  balloon  so  as  to  reach  the 
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height  desired,  and  to  attach  such  a  weight  as  would  increase  the  time  of 
flight  to  that  necessary  to  cover  the  distance.  This  plan,  however,  was 
abandoned  owing  to  the  impossibility  of  getting  a  spare  instrument. 
During  the  latter  part  of  the  International  week  telegraphic  inquiry  was 
made  to  the  Meteorological  Office,  but  the  reply  gave  a  calculated  velocity 
of  only  12  miles  per  hour,  and  direction  the  coast  of  Devonshire.  This 
necessitated  a  flight  of  at  least  12  hours  (with  consideration  of  observed 
lower  currents),  and  with  a  heavily  weighted  or  partially  filled  balloon 
the  normal  loss  of  gas  would  nullify  the  lifting  force  in  a  much  less 
period  of  time ;  the  attempt  was  therefore  given  up.  It  was,  however, 
determined  by  theodolite  observation  that  the  velocity  of  the  cirrus  at  an 
altitude  of  20,000  ft  was  about  25  miles  an  hour,  and  that  of  the  lower 
current  considerably  more  on  the  occasion  in  question. 

During  the  latter  part  of  the  International  week  a  North-west  to 
North  wind  was  blowing,  which  doubtless  took  the  balloons  a  short  way 
to  the  sea,  and  accounted  for  the  disappointing  percentage  of  instruments 
picked  up. 

A  third  would  have  been  picked  up  (No.  I.),  except  for  the  fact  that 
the  balloon  dropped  exactly  in  the  river  Shannon,  and  the  instrument 
apparently  had  dragged  on  the  bottom  and  become  detached.  This 
balloon,  however,  together  with  No.  II.,  was  sent  up  in  exceptionally 
calm  atmosphere,  and  their  records  were  instructive^  especially  in  view 
of  the  fact  that  both  dropped  exactly  in  the  river,  the  suction  effect  of 
the  river  being  observed  and  measured  in  the  case  of  No.  II. 

The  instrument  records  of  the  recovered  balloons  (XV.  and  XVIII.) 
were  very  clear,  and  No.  XVIII.  was  particularly  instructive  because  the 
temperature  and  pressure  lines  cross  and  recross  one  another  in  the 
isothermal  regions.  Mr.  Dines  suggests  that  this  indicates  sudden  rapid 
changes  of  temperature  in  that  region. 

It  appears  from  other  records  that  there  may  be  large  differences  of 
temperature  in  the  isothermal  layer  over  a  short  horizontal  space  at  the 
same  time. 

Raie  of  Fall  of  Balloons. 

In  the  cases  of  Nos.  II.,  VII.,  and  XVI.,  the  balloons  were  observed  to 
burst  and  observations  were  taken  on  the  falling  portions.  No.  II.  has 
already  been  noticed.  Its  rate  of  fall  was  a  decreasing  quantity  from 
15,000  ft.  to  6000  ft.  (the  average  being  some  60  ft.  less  per  minute 
than  the  ascensional  velocity). 

The  influence  of  the  river  is  apparent  at  about  this  level,  the  velocity 
slowly  increasing  from  6000  to  2000  ft.  From  2000  ft  to  the  river  bed 
the  velocity  is  much  greater  and  the  wind  effect  almost  nil.     (See  table.) 

The  free  portion  of  the  burst  balloon  remained  for  the  greater  part 
of  the  fall  in  the  field  of  the  telescope,  and  was  picked  up  alongside  the 
other  portion  and  the  air-filled  satellite  the  next  morning.  The  exact 
position  of  fall  had  been  plotted  on  the  1-inch  map,  and  coincided  without 
measurable  error  with  the  position  in  which  the  balloon  was  found. 

In  the  case  of  No.  VII.  the  weather  conditions  were  threatening. 
The  contact  with  the  cloud  burst  both  balloons,  and  the  velocity  of  fall 
was  an  increasing  one  with  decrease  of  horizontal  velocity.     (See  table.) 

In  all  cases  the  average  velocity  of  fall  was  less  than  that  of  ascent. 
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Effects  of  SwfcMt  Fridiony  dc. 

Although  it  baa  been  impossible  to  examine  the  variationB  in  velocity 
in  detail  the  general  result  of  these  observations,  in  conjunction  with 
those  taken  at  Glossop  Moor  in  March  and  April,  appears  to  be  that, 
in  nearly  all  conditions  of  wind,  wave  motion  is  noticeable. 

In  a  general  current  over  a  flat  surface  this  motion  is  more  regular, 
but  over  hilly  ground  it  is  broken  and  confused,  and  there  are  sudden 
and  sometimes  violent  gusts  with  occasional  changes  of  direction,  alternat- 
ing with  calmer  intervals.  On  the  immediate  approach  of  hills,  and  just 
after  passing  them,  high  velocities  are  to  be  expected,  also  their  flanks 
are  likely  places  for  a  gust.  Immediately  over  projecting  high  points 
or  faces  of  a  hill,  the  velocities  appear  to  be  subject  to  corresponding 
collapses.  These  efiects  are  noticeable  up  to  altitudes  of  1500  ft  or 
more. 

Clauds. 

Immediate  neighbourhood  of  stratus  or  cirrus  cloud  appears  to 
cause  a  collapse  of  vertical  velocity ;  and,  generally  speaking,  the  highest 
horizontal  velocity  of  wind  appears  to  occur  below  the  cirrus  level. 

Unfortunately  at  Birdhill  no  thick  cumulus  or  cumulo-nimbus 
clouds  were  encountered.  Several  balloons  entered  cirrus  doud  at  the 
low  level  of  20,000  ft. ;  but  the  cloud  then  was  obviously  not  of  the 
highest  type.  The  difficulty  of  distinguishing  a  low  cirrus  cloud  from 
the  so-caUed  "alto-stratus"  is  considerable,  and  the  International 
nomenclature  is  difficult  to  follow  in  other  respects. 

The  site,  however,  was  favourably  situated  because  of  the  frequent 
clearings  over  the  Shannon  Valley.  The  track  of  the  Shannon  and  of 
Loch  Derg  by  a  line  of  blue  sky  bordered  by  thick  cloud  was  generally 
noticeable  at  about  5  o'clock  in  the  afternoon,  and  could  be  safely 
calculated  upon  in  any  but  Southerly  to  South-westerly  damp  winds 
and  cyclonic  conditions.  It  seems  possible  that  the  effect  is  partly  due 
to  the  downward  suction  of  the  atmosphere  towards  a  river  bed  in  the 
evening. 

FUot  Balloons.     Method  Employed. 

The  method  employed  is  similar  to  that  known  by  surveyors  as  the 
subtense  method ;  that  is,  obtaining  the  range  of  a  known  vertical  bar 
by  observation  of  the  angle  subtended  by  it  at  the  instrument  with  an 
eye-piece  micrometer.  In  this  case  the  bar  is  the  line  joining  a  hydrogen 
balloon  and  a  comparatively  heavy  air-filled  balloon,  and  the  balloons 
appear  as  discs  to  be  bisected  simultaneously  by  the  fixed  and  movable 
wire  in  the  diaphragm.  The  success  of  the  method  depends  upon — (1) 
The  ratio  of  the  lifting  force  of  the  top  balloon  to  the  dead  weight  of 
the  bottom  one;  (2)  The  distance  between  them;  (3)  Practice  of  the 
observer  in  getting  simultaneous  bisections  on  two  moving  points; 
(4)  Accuracy  of  calibration  of  micrometer ;  (5)  Angle  of  elevation  ;  and 
(6)  The  actual  height  above  the  earth. 

As  regards  (1)  and  (2),  it  is  obvious  that  if  the  top  balloon  has  a 
very  large  lifting  force,  and  there  is  only  a  light  weight  attached,  the 
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motion  is  very  unsteady  and  extensive  swaying  occurs;  on  the  other 
hand,  the  larger  the  distance  between  the  balloons  the  less  will  be  the 
amount  of  angular  displacement. 

As  regards  (5),  it  is  evident  that  at  a  great  angle  of  elevation  any 
angular  displacement  due  to  sway  bears  a  larger  ratio  to  the  total  angle 
subtended  than  is  the  case  with  a  smaller  elevation.  This  was  observed 
in  the  case  of  No.  I.,  a  registering  balloon  with  an  exceptional  track — and 
it  became  specially  evident  at  angles  over  45"". 

The  arrangement  giving  best  results  in  normal  conditions  was  as 
follows : — 

A  24-gram,  32-gram,  or  40-gram  red  hydrogen  (Paturel)  balloon 
filled  to  75  per  cent  of  its  calculated  bursting  diameter  (see  formula), 
with  a  180-grain  Spencer  red  4-gore  balloon,  blown  out  through  a  tube 
by  the  mouth  to  about  52  ins.  circumference,  hung  about  32  ft  below  it. 

Displacement  due  to  sway  in  the  plane  of  sight  can  be  detected  in 
the  telescope  by  rapid  increases  and  decreases  between  the  balloons,  and 
can  be  fairly  well  eliminated,  if  necessary,  by  taking  the  average  value. 
In  a  plane  at  an  angle  with  the  line  of  sight,  it  can  be  roughly  estimated. 
With  the  above  dimensions  apparent  displacement  was  small  at  a  range 
of  3  miles,  and  disappeared  at  a  range  of  8  miles. 

With  increase  of  height  and  greater  freedom  from  local  disturbance, 
the  system  tends  to  become  a  more  stable  and  vertical  one.  The 
difference  in  velocity  of  the  wind  at  the  top  and  bottom  of  the  system 
is  usually  negligible.  There  is,  however,  a  loss  of  vertical  velocity  in 
the  above  system  of  some  15  per  cent  over  the  case  of  the  same  hydrogen 
balloon  flying  free.  Such  a  loss  as  the  tabulated  results  show  is  not  a 
serious  one.  25  per  cent  calculated  expansion  should  allow  theoretically 
of  a  height  of  about  21,000  feet. 

On  looking  at  the  table  (p.  24),  out  of  a  total  of  18  pilots,  4  only 
were  observed  to  burst  prematurely,  and  3  of  these  burst  at  elevations 
of  over  14,500  ft.  On  the  other  hand,  6  balloons  attained  heights  of 
between  19,000  and  23,000  ft  without  bursting. 

It  may  be  fairly  inferred  from  these  results  that  the  formula  used 
is  sufficiently  reliable.     This  formula  is  as  follows : — 

Normal  bursting  diameter  in  inches  =      7^*^    tnymw 

The  constant  actually  varies  from  '42  to  *48  according  to  pressure 
and  unknown  factors. 

Method  of  Obsa-vcUion  on  Registering  BaUoons. 

With  registering  balloons,  as  already  mentioned,  the  above  system 
is  not  satisfactory.  Moreover,  a  later  hour  is  desirable  than  in  the 
case  of  pilots.  The  diameter  method  was  therefore  resorted  to  when 
possible. 

Owing,  however,  to  the  usual  formation  of  cloud  after  sunset  during 
the  International  week,  few  observations  on  registering  balloons  were 
obtained.  From  5  to  7  p.m.  blue  sky  was  the  rule,  and  a  pilot  was 
in  every  case  during  that  week  sent  up  and  observed  prior  to  the  hirger 
balloon.  With  a  restricted  land  surface  no  other  satisfactory  method 
could  usually  be  employed. 


Digitized  by 


Google 


so  LEY— BALLOON  OBSERVATIONS  AT  BIBDHILL 


Nighi  BaUoans. 

Oreat  advftntages  for  obfiervation  and  for  obtaining  long  runs  and 
great  heights  can  be  obtained  by  using  brilliant  lights  carried  by  a 
hydrogen  balloon  at  night.  The  drawback  of  carrying  extra  weight 
can  be  made  up  for  by  using  a  larger  pattern  of  hydrogen  balloon,  and 
with  a  few  more  trials  doubtless  rery  much  greater  heights  could  be 
attained  As  it  was,  on  two  occasions  on  which  night  balloons  were 
successfully  launched,  19,500  and  22,800  ft.  were  obtained.  A  larger 
balloon,  giving  an  extra  150  ft  per  minute  vertical  velocity,  would 
probably  be  seen  to  30,000  ft.  with  ease  in  a  clear  sky,  and  there  seems 
no  reason  why  with  larger  acetylene  balloons  giving  greater  pressure 
of  gas  and  more  efficient  burners,  a  large  pattern  of  pilot  should  not  be 
observed  to  even  40,000  ft  elevation,  though  the  important  matter  of 
expense  would  begin  to  press  unduly. 

Another  interesting  feature  of  these  balloons  is  the  comparison  of 
night  velocities  with  day  velocities,  and  the  heights  of  clouds  at  night. 

In  the  two  cases  of  Nos.  XII.  and  XXV.,  the  velocities  ran  lower  after 
the  first  2000  or  3000  ft  than  was  the  case  with  a  preceding  or  following 
day  pilot  The  height  of  the  same  bank  of  cirrus  cloud  was  1000  ft 
less  at  night  in  the  case  of  No.  XIL  than  in  the  case  of  No.  XIII.  at 
6*30  a.m.  the  next  morning,  though  the  difference  is  perhaps  too  slight 
to  be  of  any  import 

The  observations,  so  long  as  the  illuminations  of  the  field  permitted 
of  use  of  the  micrometer  without  drawing  the  balloon  lights,  were  of 
great  accuracy,  owing  to  the  extreme  steadiness  of  the  system,  and  the 
absolute  points  presented  for  bisection.  The  great  drawbacks,  however, 
are  the  time  and  trouble  necessary  to  fill  the  acetylene  balloons,  adjust 
burners,  and  attach  the  system  safely  and  satisfactorily  to  the  hydrogen 
balloon.  The  highly  inflammable  nature  of  acetylene  renders  ordinary 
lamps  unsafe,  if  close  to  the  generator  or  balloons ;  hence  filling,  tying 
up,  etc,  at  night,  troublesome  enough  with  artificial  light,  is  rendered 
difficult  without  Davy  lamps.  When  the  system  is  launched  it  is, 
however,  safe. 

A  rough  sketch  of  the  arrangements  is  shown  in  Fig.  2,  which 
explains  details. 

In  windy  weather  each  balloon  has  to  be  carried  by  one  man,  and 
two  others  are  required  for  simultaneous  lighting,  and  the  business 
becomes  difficult,  if  not  dangerous. 

In  a  light  breeze  the  following  system  proved  best  for  two  men, 
assuming  the  three  balloons  filled  and  the  two  acetylene  balloons 
connected  with  burners  adjusted : — 

(1)  The  hydrogen  balloon,  having  a  30-foot  thread  attached  with  two 
loops  at  the  end,  is  carried  from  the  shed  and  hooked  by  one  of  the  loops 
to  a  nail,  or  hook  in  a  gate  or  post  at  the  site  selected.  This  site 
should  not  be  more  than  100  yards  from  the  filling  shed  if  possible. 

(2)  The  two  acetylene  balloons  are  carried  out  to  the  site,  and  the 
top  one  is  fastened  to  the  free  loop  of  the  hydrogen  balloon  thread. 

(3)  The  acetylene  burners  and  their  joints  and  attachments  are 
finally  quickly  examined  for  leak,  and  the  threads  kept  stretched. 
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(4)  At  a  given  word  both  burner  covers  are  undone,  and,  when 
ready,  at  another  signal  both  burners  are  lighted  by  fusee. 


^^A^ogmt^ 


>77unyi,ie 


^^^ELiTOi:^ 


tl^U  wUh  Aiifr  iet%^>t        -^ 


Fia  2.— Night  Balloons. 


Fio.  8. Burner — Weight  complete,  without  balloon, 

about  180  grains. 


(5)  The  man  at  the  lower  balloon  holds  the  free  end  of  the  wire, 
keeping  a  slight  tension  on  the  system,  whilst  the  observer  at  No.  1 
releases  lie  loop  of  the  hydrogen  balloon  thread  from  the  hook,  and 
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gives  tbe  word  ''Let  go!''  directly  the  first  acetylene  balloon  begins 
to  rise. 

Care  most  be  taken  in  selection  of  a  site  diat  there  is  free  space 
in  the  direction  to  which  the  wind  is  blowing,  with  no  house  or  rickyard 
within  reasonable  proximity ;  that  in  lighting,  the  match  flame  does  not 
approach  any  portion  of  the  baUoon;  and  that  the  ground  near  the 
acetylene  balloons  is  open  and  free  from  thorns  or  sharp  projections. 

The  lights  being  visible  by  eye  for  over  8  miles,  and  clearly  dis- 
tinguishable from  stars,  there  is  ample  time  to  walk  to  the  observation 
post,  even  if  some  distance  away  at  tbe  top  of  a  hill 

Solviion  of  Heights  and  Horizonial  Distances. 

A  tacheometrical  slide  rule  is  necessary  for  plotting  the  results — the 

formula  being : 

206265  a  im  a  ca8a\    ^ 

where  a=diBtaiiGe  from  ceDtre  to  centre  in  feet, 
a = angle  of  eleyation. 
/3=reaaced  micrometer  reading  (aeconda). 


H.  =  ^ 


/5 
TT  Tx  _  206265  a  COS  d 


/5 
XT  _  206265  a  am  a  C08a\ 

""                ^  I      H.=  height  in  feet. 

TT  Th       206265  a  co$  d  |  H.D.  =  horizontal  distance. 

H.D.  = ^ J 

No  correction  for  expansion  is  necessary. 

a  is  read  to  minutes ;  j3  to  decimals  of  micro-divisions ;   horizontal 
angle  to  10  minutes. 

EZPLAKATOBY   NOTES  ON   THS  TABLES   (pp.  24-27). 

Tables  show — 

1.  Number  of  balloon. 

2.  Date. 

3.  Time. 

4.  Diameter  in  feet 

5.  Diameter  of  satellite. 

6.  Distances  apart  of  feet,  centre  to  centre. 

7.  Free  lift  in  grains. 

8.  Obeervatioiis — Height  in  feet  (above  instrument). 

9.  „  Vertical  velocity  in  feet  per  minute  (previous  interval). 

10.  „  Horizontal  velocity  in  miles  per  hour  (previous  interval). 

1 1.  Average  vertical  velocity  (feet  per  minute)  over  run. 
A.  Denotes  an  acetylene-filled  bslloon,  if  satdlite. 

D.  Denotes  observation  by  diameter  method. 
Height  of  station  218  feet  above  sea-leveL 
Figures  in  italics  are  approximate  only. 

Remarks  on  the  OssBBVATioirs 

I.  Registering  Balloon.     Picked   up   floating  in  Shannon,  near  Castle- 

connell,  at  10  pjn. 
XL  Top  balloon  burst  at  16,500  ft     After  moving  to  3,  balloon  is  nearly 
stationary  to  8.     From  8  it  moves  back  toward  starting-point  to 
11  ;   11  to   13,  returns  to  south-west;  13  to  16,  again  returns 
to  north-east;  16  to  24,  back  to  river. 
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After  bunting  at  14,  observations  on  satellite  and  rag  of  balloon. 
The  rag  of  the  other  portion  blown  off  was  free,  but  crossed  and 
recrossed  the  field  of  telescope  during   fall,  and  was  picked   up 
within  a  few  yards  of  the  satellite. 
Balloons  L  and  II.  show  strong  suction  to  river  bed  in  lower  atmo- 
sphere. 
V.  Picked  up  at  Donaghmore,  Queen's  Co.,  37  miles,  on  bearing  77*. 
YI.  After  11,  balloon  obscured  by  overcast  stratus. 

VII.  Both  balloons  burst  at  cloud  16,700  ft.     Observations  20  to  28  made 

on  two  rags.     Clear  morning,  rapidly  clouding  over  with  cirrus 

and  high  stratus ;  rain  began  at  9  a.m.     Note  increasing  velocity 

of  fall. 

IX.  Balloon  entered  cloud  after  9620  ft 

X.  Balloon  entered  doud  after  6150  ft      Picked  up  on  July  23rd  at 

Brittas,  11^  miles,  bearing  168% 
XI.  Balloon  entered  cloud  after  7430  ft     Picked  up  near  Birr,  33  miles 
north-west 
XII.  Night  pilot  balloon  with  two  acetylene  lights.     Lifting  force  only 
approximate.     Disappeared  in  cloud  at  10.5  p.m.  at  range  124,500- 
126,000  ft     Note  gust  at  9  to  10. 
XIII.  Compare    previous    balloon.      Disappeared    in    cirrus    bank,    range 

126,500-130,800  ft     Compare  high  velocities  beyond  10. 
XrV.  Balloon  burst  after  16.     Picked  up  at  Shinrone,  at  28  miles  bearing 
56°,  12  miles  after  bursting  point     Note  increasing  velocities  at 
6 ;  drop  at  13  to  14  and  high  velocity  14  to  16. 
XV.  Registering  balloon.     Picked   up  at  Mount  Leinster,  Co.  Wexford, 
57  miles  east  by  north,  on  August  7  th.     Observations  not  plotted 
as  velocities  obtained  by  previous  pilot 
XVI.  (7  p.m.)     Balloon  burst  at  8.     Observations  at  9  on  one  balloon  and 

rag  of  other.     Note  high  velocity  8  to  9. 
XVI.  (11.44  p.m.)      Registering    balloon    carrying    acetylene    light      No 
observations  obtainable. 
XVII.  Low   cirrus  above   20,000  ft     Strong   variable  wind.     Note    large 
increase  at  4,  and  drop  at  6  to  7  and  at  cirrus  level.     Disappeared 
at  range  126,200-128,000  ft 
XVIIL  Registering  balloon,  picked  up  67  miles  east 
XIX.  Cloud  at  17,700  ft     High  velocity  wind  above  12,  dropping  off  at 

level  of  high  stratus. 
XX.  Registering  balloon,  no  observations  obtainable. 
XXI.  (5.30  p.m.)     High  stratus  above  17,000  ft     Steadily  increasing  wind 
up  to  very  high  gust  at  6  to  7,  decreasing  to  1 1 ;  strong  and  gusty 
beyond.     Disappeared  in  cloud,  range  117,900-120,000  ft     Picked 
up  at  Cahir,  Co.  Tipperary,  25  miles,  141"*,  on  August  7th. 
XXI.  (8.21  p.m.)     Registering  balloon,  disappeared  in  low  doud. 
XXIL  Registering  balloon,  disappeared  in  doud.     [This  balloon  was  seen  some 
months  later  at  ihe  top  of  a  tree  in  the  neighbourhood  of  Fermoy, 
Co.  Cork,  45  miles  south  by  east     Mr.  Dines  reports  that  it  just 
reached  the  isothermal  layer. — Editobs.] 
XXIIL  Steady  breeze  to  9  with  decrease  of  verticid  velocity.     Picked  up  near 

KiUcenny,  52  miles  east  by  south. 
XXIV.  Highest  velocity  6  to  8.     Picked  up  at  Eilmallock,  27  miles  south  by 
west,  on  August  7th. 
XXV.  Night  pilot  with  two  acetylene  lighta     Clear  sky.     Visible  by  unaided 
eye  to  11,  range  45,400-47,300  ft    Disappeared  at  12.12  a.m.,  range 
117,000-119,000  ft 
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Dbscriftion  of  Mkvhods 

Day  BaUooM, — Hydrogen  balloon :  (2  ft.  to  S  ft  6  ins.  diam.).  Paturels  2  francs 
60  centimes,  3  £  60  c,  4  f.  60  c.  used,  filled  to  76  per  cent 
of  bursting  diameter. 

Bursting  diameter  obtained  from  formula  d  »  \j  ^  where 

d  is  in  inches,  w »  weight  in  grains. 

Lift  varies  with  pressure  and  temperature,  but  largely  with 

quality  of  gas. 
Satellite:  filled  with  mouth-piece  from  lungs  to  about  16  ins. 

diameter.    Spencer's  9d.  balloon.    Hung  30  ft  to  35  ft  below. 

Hydrogen  balloon — weight  when  filled  «=  about  190  grains. 
Theodolite :  calibrated  up  to  500  seconds  on  1  inch  bull's-eyes 

3000  ft  distant  at  calculated  vertical  intervals. 

Micrometer  readings  to  *16  sec.      Vertical  arc  to    1    min. 

Horizontal  arc  to  10  min.    Time  by  stop  watch  to  1  sec 
The  pendulum  motion  with  above  sizes  and  lengths  is  slight 

after  15,000  ft,  and  cannot  be  observed  above  40,000  ft  range. 

With  registering  balloons  the  lifting  force  is  too  great  for 

good  results  with  this  method. 

Night  BaUoons. — Hydrogen  balloon:  Paturels  |  metre  filled  to  2  ft  6  ins, 
diameter  (or  1  metre  filled  to  3  ft). 
Acetylene  balloons :  Spencei^s  9d.  balloons  filled  to  about 
16  ins.  diameter.  Top  balloon  20  ft  from  Hydrogen 
balloon  and  30  to  35  ft  from  bottom  one.  Brass  acetylene 
burners  with  quill  tube  about  12  ins.  long  inserted  in 
small  bore  tube  mouth  of  balloon.  Suspension  by  light 
net,  thread  replaced  by  wire  at  flame.  Burners  must 
project  helow  balloons. 
Theodolite  :  Micro-wires  lit  up  by  reflector  from  axis  lamp  or 
otherwise.  Red  light  best  In  No.  XXV.  above,  the 
acetylene  lights  were  drowned  by  wire  light  at  Observation 
No.  15. 

Slide-rule  (tacheometrical)  used  for  calculations — based  on  formulae : 

_  _  206265  sin  a  cog  a  x  base     tt  n  —     206265  co«"  a  x  base 


seconds  (micro.-reading)  '  '  ~  secoods  (micro.-readiDg) 
where  a  =  altitude,  H.  =  height  in  feet,  H.D. »  horizontal 
distance  in  feet. 


DISCUSSION. 

Mr.  W.  H.  DiNBS  said  that  Capt  Ley's  paper  was  of  great  interest^  and  good 
work  had  been  done  in  obtaining  the  observations.  He  was  particidarly  interested 
in  the  method  of  using  acetylene.  The  results  regarding  the  r^stering  balloons 
seemed  rather  disappointing,  as  only  two  out  of  seven  had  been  recovered.  Pro- 
bably the  station  was  too  near  the  coast,  and  most  of  the  balloons  were  lost  in 
the  Irish  Sea.  The  probability  of  a  balloon  crossing  the  sea  to  England  was 
remote,  and  made  it  hardly  worth  while  to  send  one  up  from  a  station  near  the 
sea.  One  other  point  he  would  refer  to,  was  that  the  formula  given  for  the 
diameter  of  a  balloon  at  the  bursting  point,  though  it  might  do  very  well  for  the 
pilot  balloons,  did  not  hold  generally  good.  The  diameter  given  would  be  in 
excess  of  that  at  which  the  registering  balloons  burst 

Mr.  C.  J.  P.  Cavs  regretted  that  Capt  Ley  was  not  present  to  take  part  in 
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the  discussion.  He  thought  that  the  suction  effect  of  the  river  Shannon  was 
the  effect  of  cold  air  flowing  down  a  vallej  in  the  evening.  He  had  found  that 
with  balU}M-9onde  the  descent  was  quicker  than  the  ascent^  but  his  own  burst 
pilot  balloons  came  down  at  the  same  rate  as  they  went  up.  He  wished  to  con- 
gratulate Oapt.  Ley  on  his  observations,  and  especially  on  the  use  of  acetylene 
lights. 

The  Hon.  C.  S.  Bolls  said  that  with  reference  to  the  last  speaker's  remarks 
concerning  the  suctional  effect  of  rivers,  the  general  impression  among  aeronauts 
was  that  such  a  drawing  effect  existed,  and  was  exerted  lengthwise.  He  had 
often  known  aeronauts  make  a  landing  when  crossing  a  river  near  its  mouth  for 
fear  of  being  carried  out  to  sea  by  this  current  He  had,  however,  carefully 
observed  this,  and  had  only  been  able  to  notice  it  when  the  river  was  at  the 
bottom  of  a  deep  valley,  otherwise  the  only  and  invariable  effect  of  nearing 
water  of  any  kind  was  to  give  the  balloon  a  downward  drop,  owing  to  the  fall  of 
temperature.  The  author  had  alluded  to  his  sounding  balloons  bursting  when 
coming  in  contact  with  a  cloud ;  he,  Mr.  Rolls,  did  not  understand  this.  The 
balloon  would  contract  when  it  came  in  contact  with  a  cloud  and  so  relieve  the 
tension,  but  would  probably  only  burst  after  arriving  at  the  top  of  the  cloud 
when  it  came  under  the  direct  influence  of  the  sun's  rays. 

It  had  often  been  noticed  that  the  wind  followed  the  contour  of  the  earth, 
and  up  to  a  considerably  greater  height  than  Capt  Ley  noticed.  It  was  also 
true  that  on  arriving  at  the  other  side  of  a  hill,  one  got  a  corresponding  collapse 
in  the  velocity  of  the  wind,  and  even  a  complete  change  in  direction  ;  that  is  to 
say,  you  could  drop  down  on  the  other  side,  and  travel  for  a  short  time  in  an 
entirely  opposite  direction.  This,  however,  was  only  when  quite  close  to  the 
surface.  Higher  up,  one  merely  got  a  gradual  rise  and  fall  in  the  current  and 
no  apparent  alteration  in  velocity. 

Capt  D.  Wilson-Barker  said  that  vertical  suction,  and  not  horizontal,  over 
a  river  was  meant.  The  wind  was  generally  drawn  down  or  up  a  river,  follow- 
ing its  course.  The  wind  hardly  ever  blew  straight  across  a  river,  but  almost 
always  up  or  down  it,  and  sometimes  it  followed  the  actual  trend  of  the  river. 
He  should  imagine  that  no  effect  would  be  felt  as  regards  the  horizontal  suction. 
It  was  well  known  that  the  Thames  was  warmer  in  winter  and  cooler  in 
summer  than  the  surrounding  land. 

Mr.  W.  Marriott  said  that  Capt  Ley  had  been  called  away  rather  hurriedly, 
to  take  up  an  appointment  in  Fiji,  and  therefore  had  no  time  to  prepare  a  dis- 
cussion on  the  results  obtained  from  his  observations.  He  promised,  however, 
to  write  some  introductory  notes  on  the  observations,  and  these  formed  the 
paper  which  had  been  read.  The  tables  of  observations  were  given  at  the  end 
of  the  paper,  and  it  was  open  for  any  Fellow  to  discuss  these  in  detail.  Capt 
Ley,  at  the  request  of  the  Kite  Committee,  had  gone  to  Ireland  with  one  or  two 
companions  to  undertake  the  observations,  and  Capt.  Twiss  of  Birdhill  had 
rendered  him  every  assistance  possible.  Capt.  Ley  had,  however,  camped  out, 
as  he  wished  to  be  free  to  make  observations  at  any  time  during  the  night  and 
day.  The  use  of  acetylene  lights  had  enabled  him  to  carry  out  the  observations 
at  night 

Mr.  W.  W.  Bryant  said  that  the  use  of  acetylene  lights  was  extremely 
interesting.  The  observations  obtained  by  these  would  be  better  and  less  liable 
to  variation  than  those  made  by  the  tangent  method  described  in  Capt  Ley's 
previous  communication,  and  the  applicability  at  night  was  also  a  great  advance. 

The  President  said  they  were  extremely  obliged  to  Capt  Ley  for  his  kind- 
ness in  undertaking  the  work,  and  must  congratulate  him  on  his  success  in 
overcoming  the  difficulties  of  observation,  and  for  putting  the  paper  together  in 
the  hurry  of  his  sudden  departure.  He,  the  President,  would  ask  Mr.  B.  Ley, 
who  was  present,  to  convey  to  his  brother  the  warmest  thanks  of  the  Society. 
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The  Samoa  Observatory. 

The  Bojal  Society  of  Sciences  of  GKittingen  has  just  published  an  extensive 
history  and  description  of  the  geo-physical  observatory  that  it  has  maintained 
at  Apia,  Samoa,  since  the  summer  of  1902.  Several  charts  and  photographs 
accompany  this  publication.  Originally  established  for  a  period  of  only  fifteen 
months,  chiefly  with  a  view  to  obtaining  seismological  and  magnetic  observa- 
tions synchronous  with  the  observations  of  the  Qerman  South  Polar  Expedition, 
the  observatory  soon  proved  to  be  so  valuable  that  means  were  found  to  prolong 
its  life  for  a  further  period  of  five  years,  and  it  now  seems  likely  to  be  made 
a  permanent  institution.  From  the  beginning  the  necessary  funds  have  been 
provided,  half  by  the  Qerman  Imperial  Qovernment  and  half  by  the  Prussian 
Ministry  of  Education. 

The  work  of  the  institution  is  described  under  four  heads :  Terrestrial 
Magnetism,  Seismology,  Atmospheric  Electricity,  and  Meteorology.  The 
meteorological  equipment  includes,  besides  all  the  Ordinary  self-pecording  instru- 
ments, a  complete  outfit  for  kite-flying,  and  many  successful  kite-flights  have 
been  carried  out. 

The  observatory  is  the  headquarters  of  a  network  of  thirty  climatological 
stations  in  Samoa;  and  if  the  plans  of  its  former  director.  Dr.  Linke,  are 
carried  out,  it  will  ultimately  become  the  centre  of  a  system  of  stations  extend- 
ing over  all  the  South  Sea  Islands  from  the  equator  to  latitude  36"  south. — 
UX  Monthly  TFeaiher  Review,  Sept.  1908. 

Earthquake  Weather. 

In  an  article  in  Nature,  January  28,  on  the  "  Recent  Earthquakes," 
R.  D.  0.  [Mr.  R.  D.  Oldham,  the  well-known  authority  on  Indian  earthquakes] 
makes  the  following  remarks  on  earthquake  weather : — 

« A  point  which  has  attracted  notice,  and  i&  worthy  of  attention,  is  the 
peculiar  weather  which  accompanied  and  followed  the  earthquake.  We  need 
not  consider  the  fact  that  it  coincided  with  the  sudden  break  up  of  an  equally 
sudden  and  severe  frost  over  Northern  Europe,  nor  the  unusual  cold  and  snow- 
storms which  have  followed  it  in  Southern  Italy.  These  were  due  to  meteoro- 
logical conditions  of  great  extent,  in  all  probability  unconnected  with  and 
independent  of  the  earthquake ;  but  the  sudden  fog  which,  according  to  all 
accounts,  settled  on  the  Straits  of  Messina  stands  in  a  different  case.  The  earth- 
quake in  Mexico  of  January  24,  1898,  was  similarly  followed  by  a  heavy  mist, 
at  a  time  of  year  when  mists  are  usually  unknown ;  and  rainfall  is  so  frequently 
reported  as  the  immediate  successor  of  an  earthquake  that  we  can  no  longer 
reject  the  hypothesis  of  a  real  connection  between  the  two.  Earthquake  weather 
is  a  common  expression  in  earthquake  countries,  but  is  usually  applied  to  a 
heavy  and  oppressive  feeling  in  the  air  which  is  supposed  to  precede  an  earth- 
quake. Mr.  Maxwell  Hall  has  attempted  to  find  an  explanation  in  alterations 
of  the  barometric  gradient  by  rapid  upheaval  of  the  ground,  and  has  shown 
that  uplifts,  which  are  within  the  range  of  possibility,  would  produce  the 
required  effects ;  but  whether  there  is,  or  is  not,  an  earthquake  weather,  in  the 
ordinary  sense  of  the  words,  there  seems  reason  for  believing  that  in  another 
sense  they  represent  a  reality^  and  that,  as  has  been  suggested  by  Prof.  Milne, 
the  disturbance  of  the  ground,  when  transmitted  to  the  overlying  air,  may 
determine  precipitation,  and  explain  the  apparent  association  of  severe  earth- 
quakes with  mist  and  rain.  What  may  be  the  nature  of  the  influence  we  know 
not,  but  if  mechanical,  it  must  be  either  the  result  of  the  vibratory  motion  of 
the  ground,  or  else  of  permanent  changes  of  level,  accompanied  by  the  sudden 
upheaval  or  depression  of  the  overlying  column  of  air,  and  of  this  permanent 
change  of  level  we  are  still  without  any  satisfeustory  evidence." 
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SOME  FORMS  OF  SCIENTIFIC  KITES. 

By  eric  STUART  BRUCE,  M.A.,  F.R.Met.Soc 

[Read  December  16,  1908.] 

The  value  of  the  kite  for  obtaining  meteorological  observations  at 
altitudes  where  there  is  freedom  from  terrestrial  influences,  is  well  em- 
phasised in  Mr.  K  Gold's  recent  report,  "On  the  Variation  of  Meteorological 
Elements  with  Altitude."  Another  recent  demonstration  of  th6  useful- 
ness of  the  kite  in  research  is  the  observations  in  atmospherical  electricity 
made  by  its  means  at  the  Manchester  University's  meteorological  observa- 
tory at  Glossop  in  July  and  August  last.  It  is  no  exaggeration  to  say 
that  kite  observations  in  the  free  and  open  air,  coupled  with  those  other 
observations  gained  by  the  use  of  bnHons-sonde  at  still  greater  heights, 
are  lajring  the  foundation  of  what  may  be  aptly  called  "The  New 
Meteorology." 

The  object  of  this  paper  is  to  bring  before  the  notice  of  this  Society 
some  forms  of  scientific  kites  other  than  the  now  well-known  box-kite 
invented  by  Mr.  Hargrave.  This  is  heavier  and  more  breakable  than 
many  other  forms  of  kites,  but  it  possesses  the  indisputable  advantages 
of  stability,  ascending  steeply  and  exerting  great  force.  When  there  is 
wind  enough  to  fly  it,  it  would  appear  unsurpassed. 

It  is,  however,  advisable  that  meteorological  kite-ascents  should  be 
carried  out  as  continuously  as  is  possible,  and  that  as  many  as  possible  of 
those  days  when  the  heavier  box-kite  will  not  rise,  should  be. utilised  for 
obtaining  information. 

On  this  account,  those  lighter  forms  of  kites,  which  are  specially 
adapted  for  use  in  very  light  winds,  may  be  of  intense  service.  One,  at 
least,  has  been  successfully  pressed  into  the  service  of  upper-air  investi- 
gation on  days  when  the  box-kite  failed  to  be  of  any  use.  It  seems  not 
unreasonable  to  suggest  that  each  meteorological  kite-station  should 
possess  every  resource  obtainable  to  secure  continuity  of  records,  and 
that  as  well  as  possessing  box-kites,  should  be  supplied  with  a  supple- 
mentary equipment  of  lighter  kites  to  take  their  place  on  days  of  low 
wind-force.  Some  of  these  lighter  forms  of  kites  were  brought  from 
obscurity  int6  the  light  of  day  by  two  events,  with  whose  organisation  I 
have  been  closely  associated :  viz.  (1)  The  International  Kite  Competition, 
which  took  place  under  the  auspices  of  the  Aeronautical  Society  of  Great 
Britain  in  1903;  and  (2)  The  Kite  Display  undertaken  by  the  same 
Society  in  1907. 

An  example  of  a  kite  that  can  be  successfully  used  in  light  winds  is 
the  Brogden  Six- Winged  Bird-Kite  (Fig.  1).  This  kite  attained  the  highest 
records  both  as  regai'ds  the  mean  of  the  Theodolite  observations  for 
altitude  (1534  feet),  and  the  actual  greatest  height  observed  for  the  kites 
(1816  feet),  in  the  kite  competition  of  1903.  On  this  occasion  no  kite 
attained  the  height  required  (highest  point  above  3000  feet) ;  but  the 
Brogden  kite  showed  its  capacity  for  high  flights  on  the  occasion  of  the 
kite  display  in  1907,  for  on  that  occasion  it  was  estimated  that  it  rose 
fully  to  the  height  of  3000  ft,  3800  ft.  of  wire  being  out     The  angle  of 
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the  kite  was  fairly  constant  at  66°  to  eo""  from  the  horizontal.  I  am 
indebted  to  Mr.  Brogden  for  the  following  details  as  to  the  construction 
of  this  kite. 

The  area  of  the  kite  is  110  sq.  ft  The  height  is  17  ft  and  the 
width  18  ft.  8  ins.  The  wings  are  so  constructed  that  they  give  at  their 
after  edge,  and  the  dihedral  angle  of  the  kite  remains  unchanged,  as 

also  the  position  of  the  kite  in  the 
air.  The  fljring  wire  is  attached 
low  on  the  bridle,  bringing  the  kite 
well  facing  the  wind.  The  winga 
then  assume  the  form  of  a  bird's 
wing,  being  not  planes  but  curves 
from  back  to  front.  The  backbone 
is  neither  straight  nor  an  even  curve. 
The  front  or  head  end  curves  up- 
wards, while  the  after  part  curves 
very  slightly  downwards.  The  head 
or  lead,  which  is  the  triangular  part 
in  front  of  the  front  pair  of  wings, 
has  therefore  a  slightly  upward  turn. 
This  prevents  the  kite  from  dipping, 
but  is  not  sufficient  to  cause  much 
drift.  The  air  forced  under  the 
lead  spreads  and  fills  the  curves 
of  the  wings,  gliding  off  from  the 
back  edge  of  these,  and  so  tending 
to  force  the  kite  forward. 

An  important  feature  of  the  con- 
struction is  the  bamboo  struts  which 
cross  the  kite  above  the  backbone  and  preserve  the  dihedral  angle  of  the 
kite. 

Another  very  promising  specimen  of  a  kite  suitable  for  light  winds  is 
Mr.  S.  Salmon's  Eighteen- Winged  Kite,  which  he  made  specially  for  the 
kite  display  of  1907.  This  has  nine  wings  at  each  side  of  the  backbone, 
which  is  18  ft.  high.  The  wings  have  a  span  of  10  ft.  from  tip  to  tip. 
The  effective  area  of  the  kite  is  estimated  to  be  40  sq.  ft  The  weight 
is  8  lbs.  (Figs.  2  and  3). 

Mr.  Salmon  claims  that  this  type  of  kite  is  excellent  for  light  winds, 
and  very  easy  to  manipulate.  He  states  that  a  kite  of  this  type  has 
often  enabled  him  to  raise  a  meteorograph  1600  ft  when  a  box-kite 
would  not  leave  the  ground. 

These  claims  certainly  appeared  to  be  borne  out  by  the  admirable 
performance  of  this  kite  at  the  kite  display  at  Simningdale.  .  The 
panoramic  photograph  of  this  display  taken  when  some  of  the  eleven 
kites  shown  were  at  a  considerable  altitude,  show  the  Brogden  and 
Salmon  kites  in  the  air.  The  objects  are  necessarily  very  faint  on 
account  of  the  extreme  heights  of  the  kites. 

Mr.  Salmon  has  experimented  with  a  large  variety  of  kites  of  his 
own  construction  as  well  as  those  of  others.  At  the  kite  competition  in 
1 903  a  very  good  flight  was  made  with  his  Multiple-Celled  Rhomboidal 
Kite.     This  is  worthy  of  further  comparative  tests. 


Fig.  1.— Brogclen's  Six-Winged  Bird-Kite. 
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A  novel  form  of  kite  is  the  Barclay  Honeycombed  Kita  TMs  was 
originally  copied  from  a  French  pattern  described  by  M.  J.  Lecomu. 
The  particular  virtue  of  this  kite  appears  to  be  its  property  of  ascending 
very  perpendicularly.  Mr.  Salmon,  who  has  experimented  with  this 
form  of  kite,  states  that  the  string  of  such  a  kite  can  make  an  angle  of 
almost  80""  with  the  ground. 

On  the  occasion  of  the  kite  competition  in  1 903  it  was  anticipated 
that  the  Cody  Bat- Winged  Box-Kite  would  easily  attain  the  highest 
position.     But  the  comparative  tests  on  that  occasion  only  gave  it  the 


^y^^Ajki^ 


Fio.  2.— Salmon's  Eigbteen-Winged  Kite. 

second  place,  it  being  beaten  by  the  Brogden  bird-kite  described  above. 
Probably  the  very  light  wind  prevailing  on  that  occasion  was  responsible 
for  the  unexpected  results.  Recent  experiments  with  this  form  of  kite 
at  Aldershot  in  connection  with  the  military  balloon  department  have 
proved  not  only  its  flying  qualities,  but  its  man-lifting  qualities.  Its 
services  have  been  rightly  absorbed  by  the  British  Government.  Had 
they  not  been  so  absorbed  a  series  of  comparative  tests  with  this  form  of 
kite  and  the  ordinary  box-kite  would  not  have  been  without  interest 

While  speaking  of  recent  developments  in  kites  suitable  for  light  winds, 
mention  should  be  made  of  Mr.  Balston's  pretty  Butterfly  kites,  which 
he  has  specially  devised  for  use  in  light  winds  (Fig.  4).  Mr.  Balston  claims 
that  this  kite  is  quite  stable.  The  lateral  stability  is  obtained  by  setting 
the  wings  at  a  slight  dihedral  angle.  The  balance  is  maintained  longi- 
tudinally by  placing  the  after-plane,  i,e.  the  hind-wing,  at  an  angle  to  the 
front  ones,  so  that  the  front  planes  always  lie  at  a  greater  angle  to 
the  wind  than  the  back  ones.  Consequently,  before  the  front  planes  get 
into  a  position  to  dive,  the  after-planes  have  been  lifted  off  the  wind 
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and  their  weight  is  employed  in  bringing  the  kite  back  to  its  normal 
balance. 

An  undoubtedly  interesting  kite  is  the  aluminium  kite  of  Mr.  Alan 
Burgoyne  (photographs  shown).  The  sides  of  the  three  boxes  are  made 
of  eight  rods  6  ft.  long  and  ^  in.  thick.  The  wing-supports  consist  of 
one  |-in.  rod  12  ft.  3  in.  in  length  passing  right  across  the  kite,  and 


Fio.  8.— Ontline  Sketch.     (Scale,  i  inc1i=l  foot.) 

secured  by  lashings  to  each  box  in  turn.  The  tube  fore  and  aft  is  also 
of  f-in.  rod,  and  is  wired  with  strain  eye -attachments  to  all  eight 
box-rods.  In  fact,  the  strain  is  distributed  evenly  from  the  tips  of  the 
wing-rod  to  the  tips  of  the  fore-end  after-rod,  making  a  tightly  braced 
quadrilateral. 

Two  3-feet  tubes  are  used  as  vertical  supports,  and  at  the  bottoms 
of  these  were  placed  two  small  wheels,  so  that  the  transport  of  the  kite, 
when  set  up,  is  greatly  facilitated. 
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The  extreme  breadth  from  tips  of  wings  is  12  ft.  8  Iil;  the  extreme 
length,  10  ft.  9  in.     The  weight  is  12|  lbs. 

The  highest  flight  obtained  with  this  kite  was  between  10,000  and 
12,000  ft. 

Further  experiments  with  this  kite  would  be  of  interest,  though  it  is 
questionable  whether  the  use  of  aluminium  would  be  an  advantage  in 
kite  construction  considering  its  extreme  brittleness. 

The  work  that  has  already  been  done  with  scientific  kites  in  this 
country  by  Mr.  W.  H.  Dines,  Mr.  Charles  Cave,  Mr.  Sabnon,  and  others 


Fio.  4.— Balston's  Butterfly  Kite. 

would  seem  sufficient  to  justify  the  hope  that,  before  very  long,  a  per- 
manent national  aerial  observatory  may  be  established  in  this  country, 
where  will  be  gathered  together  every  useful  form  of  kite,  and,  in  fact, 
every  contrivance  that  is  fittest  to  further  the  investigations  of  the  upper 
air.  It  may  be  said  that  the  establishment  of  such  an  aerial  observatory 
in  this  country  will  be  beset  with  difficulty.  But  a  difficulty  is  some- 
thing to  be  overcome.  Looked  at  in  this  light,  it  is  the  incentive  to 
work.  Its  presence  is  the  guarantee  that  our  object  is  worthy  of  the 
exercise  of  our  will  and  the  expenditure  of  our  energies. 

The  establishment  of  a  well-equipped  national  aerial  observatory  is 
an  object  that  will  justify  individual  and  corporate  eflFort :  First,  for  the 
sake  of  the  knowledge  which  will  therefrom  be  revealed;  second,  for 
the  sake  of  the  far-reaching  practical  results  that  knowledge  will  confer 
on  mankind. 

Winds  encountered  from  Seychelles  to  Aldabra. 

It  may  be  said,  generally  speaking,  that  south  of  the  equator  a  North-west 
monsoon  is  prevalent  when  the  sun  has  south  declination,  and  a  South-east 
monsoon  when  its  declination  is  north.  Thus  in  our  monsoon  region  in  the 
Southern  Indian  Ocean  we  have  two  seasons'  winds  of  variable  duration.  In 
no  case  does  one  monsoon  terminate  abruptly  and  the  other  commence  forth- 
with ;  but  there  is  a  period  of  change,  known  as  the  breaking  up  of  the  monsoon. 
When  our  monsoon  is  about  to  cease,  the  season  wind  varies  in  direction  and 
force,  and  is  occasionally  replaced  by  calm.  The  evidence  of  disturbance  is 
indicated  by  the  overcasting  of  the  sky  and  a  hazy  horizon  both  at  sunrise  and 
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smuet  By  watching  the  upper  clouds  carefully,  we  may  be  able  to  estiinate 
tbe  direction  of  the  sncceeding  monaoon.  The  North-west  monsoon  in  our 
region  blows  from  December  to  April,  and  the  South-east  monsoon  from  May  to 
October,  sometimes  till  November.  Properly  speaking,  November  is  a  month 
of  light  variable  breeze  and  calnL  I  noticed  a  great  difference  between  the 
North-west  monsoon  last  year  and  this  year.  Last  year  I  left  Mah^  for  Aldabra 
just  at  the  break  of  the  North-west  monsoon  (December  7,  1906),  and  only 
reached  Aldabra  on  January  2,  1907.  The  weather  was  generally  unsettled 
and  dull,  with  light  air  at  intervals  and  calm,  the  sky  being  frequently  cloudy 
at  sunset  I  was  becalmed  for  a  month  and  a  half  in  the  vicinity  of  Astove, 
Gosmoledo,  and  Aldabra  Islands,  drifting  with  the  currents  all  the  time  until  I 
was  out  of  the  calm  region,  when  I  got  a  light  breeze  variable  from  South-west 
to  North-west,  freshening  a  little  in  the  morning  and  calming  down  in  the  after- 
noon. I  estimate  this  calm  belt  to  be  between  lat  S""  to  11°  S.,  and  long.  45''  to 
48"  E. ;  outside  of  that  I  always  had  a  little  breeze.  Finally  I  reached  Seychelles 
on  March  6,  1907. 

This  year  there  has  been  no  breaking  up  of  the  monsoon.  The  wind 
shifted  all  of  a  sudden  from  South-east  to  West  and  North-west  during  a  cyclone 
which  visited  these  islands  early  in  November.  Since  then  the  wind  has  been 
very  regular  and  steady  during  the  whole  period  of  the  North-west  monsoon, 
and  has  enabled  me  to  make  four  voyages  from  Seychelles  to  Aldabra  Island, 
whilst  last  year  I  was  three  months  out  to  make  one  voyage.  During  January, 
February,  and  March  I  have  experienced  very  strong  breezes,  frequently  increasing 
in  force  at  full  and  change  of  moon,  with  heavy  rain.  During  the  whole  period 
of  the  North-west  monsoon  we  have  a  fine  and  moderate  sea,  whUst  during  the 
South-east  monsoon  it  is  something  fearfuL  The  South-east  trade  blows  here 
more  persistently  than  at  Seychelles  nearly  all  the  year  round.  We  can  rely 
upon  the  steady  trade  wind  for  eight  or  nine  months  in  the  year. 

The  breaking  up  of  the  South-east  trade  this  year  has  been  something  similar 
to  that  of  the  North-west  monsoon.  I  left  Mah^  for  the  Aldabra  groups  on 
April  21,  1908,  just  at  the  breaking  up  of  the  South-east  trade.  I  carried  light 
North-easterly  winds  from  Mah^  to  Providence  Island.  At  about  2  p.m.  on  the 
26th,  being  in  sight  of  St.  Pierre  Island,  I  noticed  a  great  change  in  the 
weather,  the  sky  clouding  over  suddenly  with  very  low  clouds  moving  rapidly 
from  the  South-east,  sea  rising,  and  the  barometer  very  high,  30*08  ins.,  all 
indicating  a  heavy  blow  from  South-east.  I  decided  to  anchor  at  St  Pierre 
Island  for  shelter  during  the  night ;  brought  to,  and  anchored  at  6  p.m.  At 
7  o'clock  the  ship  dragged  her  anchor,  and  I  could  not  fetch  the  island  again, 
so  had  to  continue  my  course  to  Astove  Island.  During  the  night  I  experienced 
a  heavy  gale  from  the  South-south-east^  with  tremendous  high  waves  from  the 
south-east ;  the  ship  laboured  a  great  deal,  rolling  and  pitching  heavily  in  the 
trough  of  the  sea,  and  at  10  p.m.  my  main-topmast  was  carried  away.  Bore 
away  to  bring  the  wind  and  sea  two  points  abaft  the  beam  to  steady  the  vessel  a 
little.  At  daylight  on  the  27th  the  gale  was  increasing  in  force,  and  the  sea 
very  dangeroua  Bore  away  again  imder  topsail  and  a  reefed  mainsail,  and 
ran  with  the  wind  and  sea  on  the  port  quarter,  ship  making  10  knots. 
Sighted  Astove  at  4.30  P.M.,  sea  getting  more  dangerous  and  heavier.  As  I 
was  closing  on  the  land  I  estimated  these  waves  to  be  about  25  or  30  feet  high. 
At  6.30  my  foregaff  and  fore-topmast  were  carried  away.  Impossible  to  board 
the  island,  the  surf  being  too  heavy  at  the  anchorage,  and  had  to  bear  away  for 
Assomption  and  Aldabra,  where  I  could  get  my  topmast  and  riggings  repaired. 
I  am  of  opinion  that  a  slow  steamer,  as  the  Longwood,  etc,  would  have  surely 
sustained  some  serious  damage  or  foundered  in  such  a  sea. — ^Capt.  R  Parcou, 
Victoria,  Seychelles,  June  1908. 
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THE   REGISTERING    BALLOON   ASCENTS   IN   THE   BRITISH 
ISLES,  JULY  27-AUGUST  1,  1908.     Prdimimry  Account. 

By  C.  J.  P.  CAVE,  P.IlMetSoc 
[Read  December  16,  1908.} 

As  in  1907  the  International  Commission  for  Scientific  Aeronautics 
arranged  for  an  extended  series  of  ascents  of  kites  and  balloons  during 
the  last  days  of  July  in  the  present  year.  It  will  be  some  time  before 
the  full  results  of  the  ascents  are  published,  but  it  is  desirable  that  a  pre- 
liminary account  of  the  result  of  the  balloon  ascents  made  in  this  country 
should  be  put  on  record,  as  was  done  by  Mr.  Dines  for  the  ascents  of  1907. 

The  days  on  which  ascents  were  made  were  July  27,  28,  29,  30,  31, 
and  August  1.  Twelve  balloons  were  sent  up  for  the  Meteorological 
Office  under  the  direction  of  Mr.  W.  H.  Dines,  F.R.S.,  six  ascents  being 
from  Crinan  on  the  west  coast  of  Scotland,  and  six  from  Pyrton  Hil^ 
Oxfordshire ;  six  were  sent  up  by  the  Meteorological  Department  of  the 
Manchester  University  imder  the  direction  of  Mr.  J.  E.  Petavel,  F.RS. ; 
six  by  Capt.  C.  H.  Ley  from  Birdhill,  Co.  Limerick,  for  the  Kite  Com- 
mittee ;  and  four  by  myself  from  Ditcham  Park,  Petersfield,  Hants.  Of 
those  sent  up,  four  from  Crinan,  five  from  Manchester,  three  from  Pyrton 
Hill,  and  two  each  from  Birdhill  and  Ditcham  have  been  recovered. 

In  every  case  the  instruments  used  were  made  at  Pyrton  Hill,  and 
were  of  the  type  designed  by  Mr.  Dines  and  described  in  Synwn^s  Meteoro- 
logical Magazine  for  July  1906,  and  in  the  Quarterly  Journal  of  the  Royal 
Meteorological  Society  for  January  1908.  The  traces  were  made  on  copper 
electroplated  with  silver;  they  are  clearer  than  those  made  on  plain 
copper,  and  remain  quite  readable,  even  when  the  plate  has  been  exposed 
to  the  weather  for  a  considerable  time,  or  has  been  acted  on  by  sea  water. 

With  one  exception  all  the  balloons  were  sent  up  within  about  an 
hour  of  sunset ;  the  ascent  from  Crinan  on  July  31  began  at  8.10  a.m. 

Some  of  the  records  show  considerable  differences  of  temperature 
between  the  up  and  the  down  traces,  which  seems  to  indicate  that  fairly 
rapid  fluctuations  of  temperature  may  take  place  in  the  upper  air ;  but 
it  must  be  remembered  that  the  balloons  drift  considerable  distances  even 
during  the  short  time  occupied  by  the  ascent,  so  that  the  ascent  and 
descent  take  place  through  air  over  widely  different  localities. 

The  average  height  reached  was  16 '4  kilometres  (10*2  miles),  or  more 
than  4  kilometres  (2'5  miles)  higher  than  last  year.  The  greatest  height 
was  23  kilometres  (14*3  miles)  from  Pyrton  Hill,  and  the  least  was  7 
kilometres  (4*4  miles)  from  Glossop  Moor — the  balloon  in  this  case  having 
burst  prematurely.  In  the  case  of  very  high  ascents,  as  has  been  pointed 
out  by  Mr.  Dines  in  his  paper  on  the  ascents  of  last  year,  the  actual 
height  cannot  be  determined  accurately  within  a  kilometre  or  so.  All  the 
balloons  except  one  reached  the  isothermal  layer,  and  show  that  the 
diminution  of  temperature  with  height  ceases  after  a  certain  point,  or  that 
there  is  a  rise  of  temperature  ;  the  rise  of  temperature  is  sometimes  quite 
marked  even  in  the  case  of  balloons  which  have  attained  their  highest 
point  after  sunset,  and  cannot  therefore  be  the  effect  of  solar  radiation. 
Balloons  sent  up  in   the   daytime  show  a  still   more  marked  rise  of 
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temperature  at  the  highest  points,  due,  no  doubt,  to  the  effect  of  sunshine 
on  the  instrument. 

TABLE  I.— TBifPXKATURBS  AT  Yabioub  Heights* 


Heights. 

July  27. 

July  98. 

July  99. 

July  30. 

July  31. 

Aug.  I. 

i 

i 

J 

1 

J 

i 

i 

1 

i 

1 

J 

1 

Groond-LeTeL 

Crinan    .... 

o 

15 

59 

0 
13 

0 
55 

16 

61° 

0 

0 

\i 

? 

e 

e 

Glossop  .... 

12 

54 

14 

57 

i'6 

61 

... 

PyrtonHill    . 

17 

63 

... 

14 

57 

18 

64 

... 

... 

Ditcham  Park 

i6 

61 

19 

66 

... 

... 

... 

... 

... 

Birdhill. 

i8 

64 

... 

19 

66 

... 

...' 

... 

... 

... 

8  KUometrea— 1-9  HOes. 

Crinan    .... 

-  4 

25 

I 

34 

3 

37 

... 

... 

-  7 

19 

... 

... 

Glossop. 

I 

34 

5 

41 

6 

43 

3 

37 

5 

41 

Pyrton  Hill    . 

-    2 

28 

... 

0 

32 

3 

37 

Ditcham  Park 

2 

36 

I 

34 

... 

... 

... 

... 

Birdhill. 

5 

41 

... 

6 

43 

... 

... 

... 

... 

... 

Crinan    .... 

-21 

-  6 

-21 

-  6 

-12 

10 

. 

... 

-23 

-  9 

... 

Glossop .... 

... 

... 

-16 

3 

-14 

7 

-16 

3 

-  7 

19 

-16 

3 

Pyrton  Hill    . 

-24 

-II 

... 

-17 

I 

-14 

7 

... 

... 

... 

Ditcham  Park 

-17 

I 

-19 

-   2 

... 

... 

... 

... 

... 

Birdhill. 

-i6 

3 

... 

-  II 

12 

— 

... 

... 

... 

... 

... 

9  KUometres— 6-6  Miles. 

Crinan    .... 

-39 

-38 

-50 

-58 

-31 

-24 

... 

... 

-39 

-38 

... 

Glossop. 

... 

-40 

-40 

-40 

-40 

... 

-27 

-17 

-35 

-31 

Pyrton  Hill     . 

-46 

-51 

-39 

-38 

-32 

-26 

Ditcham  Park 

-36 

-33 

-43 

-45 

... 

... 

>*. 

... 

Birdhill. 

-38 

-36 

-34 

-29 

... 

... 

... 

... 

... 

... 

12  Eilometres— 7-6  Miles. 

Crinan    .... 

-45 

-49 

-54 

-65 

"|3 

-^3 

-50 

-58 

... 

Glossop .... 

-58 

-72 

-63 

-81 

... 

... 

-49 

-56 

-■50 

-58 

Pyrton  Hill    . 

-58 

-72 

... 

-61 

-78 

-Si 

-60 

Ditcham  Park 

:il 

-67 

-58 

-72 

... 

... 

Birdhill. 

-36 

-56 

-69 

... 

... 

... 

... 

16  KUoinetres-^9-8  Miles. 

Crinan    .... 

-43 

-45 

-52 

-62 

-52 

-62 

... 

... 

-47 

-53 

... 

Glossop .... 

... 

-57 

-71 

... 

-47 

-53 

-54 

-65 

PyrtonHill     . 

... 

... 

... 

-60 

-76 

-69 

-92 

Ditcham  Park 

-54 

-65 

-55 

-67 

... 

... 

... 

... 

Birdhill. 

-40 

-40 

-'53 

-63 

... 

... 

... 

18  Kilometres— ll*2MUe8. 

Crinan    .... 

-46 

-51 

... 

... 

... 

... 

Glossop. 

... 

... 

-48 

-54 

Pyrton  Hill    . 

... 

... 

-58 

-72 

... 

... 

... 

Ditcham  Park 

... 

... 

... 

... 

... 

... 

... 

Birdhill  .... 

-41 

-42 

... 

... 

... 

... 

... 

... 

... 
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The  balloons  from  Ditcham  were  all  sent  up  about  an  hour  before 
sunset,  in  order  that  theodolite  observations  might  be  made  as  long  as 
possible.  It  is  probable  that  at  such  a  late  hour  no  effect  would  be  pro- 
duced on  the  instruments  by  the  sun's  rays.  The  balloon  on  July  27 
shows  considerably  higher  temperatures  than  that  sent  up  an  hour  later 
from  Pryton  Hill,  but  this  particular  balloon  did  not  get  into  direct  sun- 
light till  29  minutes  aft^r  the  starts  when  it  was  probably  about  7  kilo- 
metres (4*4  miles)  high,  whereas  the  differences  of  temperature  between 
Ditcham  and  Pyrton  Hill  are  shown  to  occur  at  much  lower  levels  ;  more- 
over, there  is  no  sign  on  the  trace  of  any  sudden  increase  in  temperature 
at  about  the  height  named. 

The  relation  between  height  and  temperature  for  the  ascents  at  each 
of  the  five  stations  is  shown  in  Fig.  1  (p.  38). 

The  results  obtained  are  summarised  in  Table  I. 

In  Table  I.  the  highest  values  for  the  temperature  are  given  in  those 
cases  in  which  the  trace  is  duplicated,  except  in  the  case  of  the  day  ascent 
at  Crinan  on  July  31,  where  the  lowest  of  the  two  sets  of  temperature 
values  is  given. 

Table  11.  gives  the  temperature  gradient  for  each  ascent  from  the 
ground-level  to  5  kilometres  (3*1  miles),  from  6  to  10  kilometres  (3*1  to 
6*2  miles),  and  from  the  ground-level  to  the  commencement  of  the 
isothermal  layer.  The  gradient  is  given  in  degrees  Centigrade  per  100 
metres  (330  ft.). 


TABLE  XL— Temperature  Gradients. 

Centiorade. 

Stations. 

July  ay. 

July  28. 

July  29. 

July  30. 

July  31. 

Aug.  X. 

Crinan. 

o  to  5  km.  (o  to  3>i  miles) 

S  to  lo  km.  (3-1  to  6-2  miles) . 

o  to  Isothermal 

.56 
•60 
.58 

.52 
.90 
•71 

:3 

.56 

•57 
•54 

OlOBBOp. 

o  to  5  km.  (o  to  3-1  miles) 

5  to  lo  km.  (3-1  to  6-2  miles)  . 

O  to  Isothermal 

.61 

.40 
.84 
.64 

.48 

•38 
.66 

•54 

t 

•49 

Pyrton  HUl. 

o  to  5  km.  (o  to  3-1  miles) 

5  to  lo  km.  (3-1  to  6-2  miles)  . 

o  to  Isothermal 

.70 
.70 
.67 

... 

•44 
.72 
.61 

.48 
•62 
.56 

... 

Ditcham  Park. 

. 

o  to  5  km.  (o  to  3-1  miles) 

5  to  ID  km.  (3*1  to  6-2  miles)  . 

0  to  Isothermal 

.61 
.64 

•57 

60 
.78 
•72 

... 

... 

... 

BirdhiU. 

o  to  5  km.  (o  to  3-1  miles) 

5  to  lo  km.  (3-1  to  6-2  miles)  . 

O  to  Isothermal 

.56 
.60 
•61 

... 

.48 
.72 

.61 

... 

... 

... 

ill  Liiti  above  table  the  mean  values  are  taken  iu  the  cases  where  the 
traces  are  duplicated.  It  will  be  noticed  that  the  gradients  vary  con- 
siderably, but  in  every  case  save  one  the  value  is  lower  from  0  to  5  km. 
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(3*1  miles)  than  it  is  from  5  to  10  km.  (3*1  to  6*2  miles).  Above  the 
lower  limit  of  the  isothermal  layer  the  gradients  are  in  most  cases 
reversed,  and  in  several  cases  a  very  sharp  rise  of  temperature  takes 
place  at  the  beginning  followed  by  a  slow  increase  above.  Near  the 
ground-level  there  are,  as  usual,  numerous  irregularities  in  the  gradient 
and  several  small  inversions. 

Table  III.  shows   the   height  at  which   the   isothermal   layer   was 
entered  in  the  different  ascents. 

TABLE  in.— Height  of  Lower  Limit  of  Isothermal  Layer. 


Station. 

July  27. 

July  28. 

July  29. 

July  30. 

July  31. 

Aug.  X. 

J 

1 

i4 

i 

i 

J 

1 

S 

i 

Crinan 
Glossop    . 
Pyrton  Hill 
Ditcham  Park  . 
Limerick  . 

10.5 

11.5 

9-5 

6-5 
5-9 

10.5 
11.5 

II 

6-5 

7-2 

6.*8 

12-5 

12 

13s 

13 

7.8 

«S-3 

9'5 

125 

7-2 

7.8 

13 

i'l 

It  must  be  remembered  that  the  lower  limit  of  the  isothermal  layer 
is  not  always  a  very  definite  point,  and  the  above  figures  must  be  taken 
with  this  proviso. 

It  will  be  noticed  from  Table  I.  that  the  temperatures  at  different 
heights  change  considerably  from  day  to  day,  and  from  place  to  place. 
Fig.  2  shows  graphically  the  changes  that  took  place  at  Crinan,  Glossop, 
and  Pyrton  Hill  for  the  days  indicated  in  the  figure,  the  heavy  dotted 
line  showing  the  lower  limit  of  the  isothermal  layer. 

Crinan,  Glossop,  Pyrton  Hill,  and  Ditcham  are  nearly  in  a  line,  and 
Fig.    3  shows  graphically  the  differences  of  temperature   between  the 


Crinan 


Glossop  a   Manchester 


PYRTON  Hill 


27         28         29 
p.m       p.m       p  m 
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stations  indicated  for  July  27,  28,  and  29,  the  distances  between  the 
stations  being  drawn  to  scale.  The  isothermal  lines  must  only  be  taken 
to  represent  the  relation  of  temperature  between  the  stations;  it  is 
quite  likely  that  had  observations  been  taken  at  intermediate  stations 
the  lines  would  lie  differently  from  those  shown  in  the  figures.  It  is 
unfortunate  that  on  no  day  were  the  balloons  from  all  four  stations 
recovered.  It  must  also  be  relhembered  that  as  a  balloon  drifts  to 
considerable  distances  during  an  ascent^  the  temperatures  recorded  are 
not  those  directly  over  any  one  station. 


July  27 


July   28 


JucY    29 


The  weather  during  the  week  was  of  an  anticyclonic  type.  On  the 
evening  of  the  27  th  an  area  of  high  pressure  lay  over  this  country  with 
its  centre  off  the  south-west  coasts  with  barometer  readings  of  30 '2  in. 
and  upwards ;  by  next  day  the  barometer  readings  had  increased  to  30*4 
in.,  and  the  centre  of  the  anticyclone  had  moved  more  towards  Ireland ; 
changes  were  slow  during  the  week,  and  by  the  evening  of  August  1  the 
centre  of  the  high-pressure  system  lay  off  the  north-west  coast  of  Ireland. 

In  view  of  the  many  ascents  that  have  now  been  made  both  in  this 
country,  in  Europe  and  America,  and  over  the  Atlantic,  the  existence  of 
the  isothermal  layer  cannot  for  a  moment  be  doubted.  The  actual  tem- 
peratures recorded  may  in  some  cases  be  more  or  less  in  error,  but  the 
existence  of  the  isothermal  layer  cannot  by  any  possibility  be  explained 
away  by  appealing  to  instrumental  errors. 

The  fact  that  there  should  be  an  isothermal-  layer  at  the  upper  limit 
of  the  air  movements  of  cyclones  and  anticyclones  is  not  in  itself  a 
difficulty,  but  it  is  very  difficult  to  account  for  the  large  differences  of 
temperatui-e  within  the  isothermal  layer  which  are  found  from  day  to 
day,  and  from  place  to  place. 


Digitized  by 


Google 


OAVE— BALLOON  OBSERVATIONS  43 

BALLOON  OBSERVATIONS  AT  DITCHAM  PARK,  NEAR 
PETERSFIELD,  JULY  27-AUGUST  2.  1908. 

By  C.  J.  P.  CAVE,  F.R.Met.Soc. 

[Read  December  16, 1908.] 

The  registering  balloons  sent  up  from  Ditcham  Park  during  the 
ascents  at  the  end  of  July  were  followed  by  means  of  theodolites  for 
the  determination  of  wind  velocities  at  different  heights.  The  theodo- 
lites used  were  of  the  pattern  specially  designed  by  M.  de  Quervain  for 
balloon  observations.  A  base  line  of  8800  ft.  was  used,  the  two  ends 
being  designated  A*  and  L.  The  method  of  starting  the  balloons  was 
as  follows : — When  the  observer  at  L  had  set  up  his  theodolite  he  hoisted 
a  flag ;  the  balloon  was  then  brought  out  at  A  ready  for  the  start ;  one 
minute  before  the  start  a  flag  was  hoisted  at  A,  and  was  dropped  ten 
seconds  before  the  balloon  was  liberated ;  at  the  moment  of  the  start  the 
observer  at  L  started  a  stop-watch,  and  observations  were  made  of 
the  altitude  and  bearing  of  the  balloon  at  each  station  at  every  minute  as 
long  as  the  balloons  remained  visible.  The  balloons  were  started  about 
an  hour  before  sunset^  and  the  evenings  being  clear  it  was  found  that 
they  could  be  followed  to  very  great  distances.  The  base  line  was  too 
short  for  the  more  distant  parts  of  the  course  to  be  plotted  from  the  two 
sets  of  observations ;  the  course  was  plotted  trigonometrically  as  far  as 
practicable,  after  which  the  observations  from  one  station  were  taken,  and 
the  height  of  the  balloon  was  obtained  on  the  assumption  that  the  rate 
of  ascent  remained  uniform.  Theoretical  considerations  and  the  results 
of  more  recent  ascents  show  that  the  rate  of  ascent  is  not  uniform,  but 
that  it  increases  for  a  considerable  time  with  increasing  height. 

In  cases  where  the  balloon  carries  a  meteorograph  and  is  seen  to 
bursty  a  fair  approximation  may,  I  think,  be  obtained  by  taking  the  rate 
of  ascent  from  the  two  sets  of  observations  till  the  balloon  gets  too  far 
away,  and  subsequently  assuming  a  uniform  acceleration  whose  value  is 
chosen  to  fit  in  with  the  bursting  height  given  by  the  meteorograph. 
In  the  present  case  this  method  cannot  be  applied,  as  the  balloons  that 
were  seen  to  burst  were  not  recovered.  The  rate  of  ascent  does  not 
always  increase  with  height ;  a  small  leak,  for  instance,  may  cause  it  to 
remain  uniform  or  even  to  decrease.  I  have  observed  a  small  pilot 
balloon,  whose  positions  were  very  favourable  with  regard  to  the  base 
line,  and  whose  rate  of  ascent  was  uniform  up  to  28,000  ft.  In  dealing 
with  the  present  ascents  a  uniform  rate  of  ascent  is  assumed  where  the 
two-theodolite  method  is  not  applicable. 

The  balloons  used  were  Paturel's  175  metre  (57  ft.)  balloons,  and 
were  given  a  free  lift  of  0*8  kg.  (IS  lbs.)  when  they  were  about  1-2 
metres  in  diameter  (3-9  ft) ;  they  were  uncoloured ;  trailing  below  the 
instruments  was  a  smaller  balloon,  which  was  given  a  very  small  lift^ 
and  served  as  a  check  to  the  descent  of  the  instrument  and  as  a  guide  to 
its  being  found.  It  was  owing  to  the  small  balloon  that  the  instrument 
of  July  28  was  recovered.  The  white  balloons  were  very  clearly  visible 
in  the  sunlight  against  the  blue  sky. 
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Fig.  1.  shows  the  trajectories  of  the  balloons  sent  up  on  July  28, 
29,  30,  and  31 ;  the  coast-line  has  been  inserted,  and  it  will  be  seen  that 
all  four  balloons  went  over  the  sea.  The  balloon  of  July  28  was  not 
seen  to  burst;  it  was  recovered  on  August  1,  18  mOes  east  of  Cape 
Barfleur,  off  the  French  coast  The  balloon  of  July  29  was  seen  to 
burst,  and  was  seen  falling  for  six  minutes,  but  was  not  recovered.  That 
of  July  30  was  lost  sight  of  before  it  burst ;  for  the  last  twelve  minutes 
of  the  observations  the  sun  was  not  shining  on  it^  and  the  dark  balloon 


DITCMAM 


oArundel 


ttiehampton 


Fio.  1. — Trajectories  of  the  Balloons.     The  upper  figures  indicate  the  approximate  height 
in  miles  ;  and  the  lower  figures,  the  Wind  Velocities  in  miles  per  hour. 

alone  remained  visible.  The  balloon  of  July  31  was  a  similar  balloon 
to  those  used  on  the  previous  days,  but  it  carried  no  instrument,  and 
no  small  balloon  was  attached ;  it  was  seen  to  burst  at  a  distance  of 
about  33  miles,  and  was  watched  as  it  fell  for  one  minute. 

The  wind  velocities  deduced  from  the  observations  are  shown  in 
Fig.  2,  the  curves  having  been  smoothed.  On  July  28  the  wind  was 
very  light  near  the  ground,  but  increased  to  50  miles  per  hour  at  8  km. 
(5  miles),  and  remained  fairly  constant  from  8  to  11 '5  km.  (5  to  7'2 
miles),  when  a  maximum  of  55  miles  per  hour  was  reached  ;  then  there 
was  a  rapid  drop  to  8  miles  per  hour  at  13  km.  (8*1  miles);  above 
8  km.  (5  miles)  the  wind  backed  at  first  slowly,  but  at  12*5  km.  (7 '8 
miles)  it  backed  quickly  to  North-west  at  the  highest  point  observed 
The  meteorograph  showed  that  the  isothermal  layer  was  reached  at 
about  1 1  km.  (6  '8  miles),  corresponding  nearly  to  the  point  of  maximum 
wind  velocity.  The  features  of  July  28  were  nearly  repeated  on  the 
29th ;  the  velocity  increased  rather  more  slowly  at  first,  but  a  maximum 
of  about  55  miles  per  hour  was  reached  at  11*5  km.  (7*2  miles);  the 
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decrease  above  was  slower,  but  was  quite  as  marked ;  there  was  also  a 
backing  of  the  wind  at  12 '5  km.  (7*8  miles);  the  Pyrton  Hill  balloon 
went  into  the  isothermal  layer  at  13 '5  km.  (8 '4  miles);  the  Qlossop 
balloon,  at  12  km.  (7'45  miles).  On  July  30  the  wind  velocities  were 
much  lower ;  after  several  fluctuations  a  maximum  of  35  miles  per  hour 
was  reached  at  10  5  km.  (6 '5  miles),  followed  by  a  moderate  decrease ; 
this  balloon  was  probably  not  seen  to  go  into  the  isothermal  layer, 
which  was  reached  at  15*3  km.  (9 '5  miles)  at  Pyrton  Hill  on  this  day. 


July  28  July  29  July  30  July    31 

Miles  per  Hour       Miles  per  Hour         Miles  per  Hour  >liles  per' Hour 


I 


FiQ.  2. — Wind  Velocities  in  miles  per  hour. 

On  July  31  the  velocity  increased  from  10  miles  per  hour  to  50  miles 
per  hour  at  5  km.  (3*1  miles) ;  after  several  fluctuations  a  maximum  of 
80  miles  per  hour  was  reached  at  11*5  km.  (7*2  miles);  above  this  there 
is  a  marked  though  not  rapid  diminution  of  wind  velocity,  which  was 
about  55  miles  per  hour  at  13 '5  km.  (8*4  miles).  The  Manchester 
balloon  for  this  day  entered  the  isothermal  layer  at  12*5  km.  (7*8  miles). 

For  the  reasons  stated  above,  too  much  reliance  must  not  be  placed 
on  the  absolute  values  of  heights  and  wind  velocities  in  the  higher  parts 
of  the  ascents ;  but  it  is  fairly  certain  that  the  balloons  of  July  28,  29, 
and  31  were  observed  until  after  they  had  entered  the  isothermal 
layer,  and  in  each  case  there  was  a  well-marked  diminution  of  wind 
velocity  at  about  the  height  one  would  expect  to  find  its  lower  limit 

Besides  the  four  balloons  mentioned  above,  observations  were  made 
on  the  registering  balloon  of  July  27  to  a  height  of  about  8 '5  km.  (5*3 


Digitized  by 


Google 


46 


OAVE--BALLOOK  OBSERVATIONS 


i 


I 


a 
i 

M 

5 


o 

M 


9? 


§5! 


CO  55 


•55  ;z; 


55    =^55 


^^W     w&^S5^  WW 


^^www    ^^^^^^ww 

COS5J2JJ555     :z5^55S552;55J255ZJ 


^&WwW^^»^S:^^ww 
co^;55  5zi;z;?;;z:&S5;z;52;S5;z;;z: 


^     W>W^^55     SwwWW 
c«     w  r^  d^  •-•  «>•  rf^  ^  si*  »i»  S  ;;}•  2^ 


^WWW 


^a  .a8>2--^2:55 


55    Ww    ;z;&^^w^^^w 

"§.   :r^55"^R8»n2  2  2»^^ 

d\    00  00  "^  d»>d  "^ ' 


I  tON  o^o  «>• 


c/3 


W^         ^c/^^^^^W^ 


►i*  ONtnoo  CO 


V 

H 


^  --•  s  g  .  g  s.  «    a  s  e  g  8 


00  in'^tn*^ 


s^^s^s^VaaVj^)--^^^ 


9-> 


ooo 


9?* 


99 

00  to 


9:»' 


J 


.a 


O 

•iz; 
8> 


•55 


•55 


.8 

•55 


W 
155 


o 

.  ^* 

•55 
d 


W 
o 


•;5  •  -55 


CO 


W 


'o  o 


W 


d  N 

"<|TO 


W 


=  ^z  =  = 

PO"^ 
fO*>i 

z^ 
=^z  =  = 

z^ 

a*" 

=  s:z  =  = 

z^ 

=^z  =  = 

^^ 

=  ^Z  =  = 
■^^ 

zg: 

=^z  =  = 

ri  dv 


SeBEgfilg-desgas 


2^     !>fo  ^vo  fo 


CXD,©  CO 


00  tAi»^»Ar 


N  O  «4  d  M  rOfOfOro 

>^. J 

3 ; 


Digitized  by 


Google 


GAYS— BALLOON  OBSERVATIONS  47 

miles) ;  and  a  number  of  pilot  balloons  were  observed  with  one  theodolite ; 
these  balloons  when  filled  to  lift  85  grammes  have  a  diameter  of  about 
59  cm.  (23 '2  in.).  Their  ntte  of  ascent,  deduced  from  previous  ob- 
servations with  two  theodoUteSy  is  assumed  to  be  500  ft.  per  minute, 
and  to  remain  uniform ;  up  to  the  heights  to  which  the  small  balloons 
were  followed,  4  to  5  km.  (2*5  to  3*1  miles),  this  assumption  probably 
gives  a  fair  idea  of  the  wind  velocities ;  in  all  cases  during  the  week 
under  discussion,  larger  rates  of  ascent  would  mean  that  the  deduced 
wind  velocities  should  be  larger. 

The  t^ble  on  page  46  gives  the  values  of  the  wind  velocities  and  the 
wind  directions  for  all  the  ascents  made  at  Ditcham  Park  during  the 
international  week. 

The  principal  feature  to  notice  is  that  there  was  a  great  change  in 
wind  direction  between  the  first  and  the  second  day;  on  the  27th  the 
wind  was  South-westerly ;  on  the  morning  of  the  28th  at  9  o'clock  the 
lower  clouds,  cumulus,  were  coming  from  the  North,  but  the  cirrus  was 
still  coming  from  the  South,  and  was  moving  with  a  high  velocity ;  by 
the  evening,  however,  the  Southerly  current  in  the  upper  air  had  given 
way  to  a  North-westerly  current,  and  the  wind  in  the  upper  air  remained 
North  to  North-west  for  the  rest  of  the  week;  on  August  2  in  the 
evening  there  was  a  shallow  surface  wind  from  the  South,  but  above 
this  the  wind  was  from  East  of  North. 


DISCUSSION. 

The  Pbbsident  said  that  had  he  not  been  in  the  chair  he  could  not  have 
resisted  the  temptation  to  make  some  critical  remarks  on  one  term  frequently 
used  in  Mr.  Cave's  moat  interesting  papers.  It  was,  however,  not  the  function 
of  a  chairman  to  take  part  in  controversy,  but  he  gave  notice  that  after  he  had 
ceased  to  preside  over  these  meetings  he  would  raise  his  voice  on  the  first 
occasion  that  the  words  "isothermal  layer"  were  used  in  his  hearing,  and 
humbly  request  that  some  more  appropriate  adjective  than  "isothermal''  be 
applied  to  a  region  where  the  temperature  was  permitted  to  vary  from  place  to 
place  and  from  time  to  time.  He  would  ask  those  who  had  taken  part  in 
organising  or  carrying  out  meteorological  work  with  kites  or  balloons  to  be 
good  enough  to  give  their  opinion  on  the  papers.  As  they  were  generally  met 
with  a  considerable  competition  in  modesty  when  the  question  of  speaking 
first  arose,  and  as  it  was  impossible  that  every  one  should  speak  last,  he  would 
call  upon  them  in  alphabetical  order. 

Mr.  B.  M.  Balston  said  that  the  kite  which  was  exhibited  would  give 
some  idea  of  the  sort  of  work  he  had  tried  to  do  in  that  line.  His  object  had 
always  been  to  make  a  kite  which  would  fold  up  easily  and  could  be  carried 
about.  He  had  found  that  the  plan  of  making  them  with  wings  like  the 
model  (shown  overhead)  was  a  gooid  one,  because  with  this  system  it  was  easy 
to  produce  any  desired  curvature  of  the  lifting  surface.  He  had,  however, 
practically  given  up  research,  as  far  as  kites  were  concerned,  during  the  last 
two  years,  because  of  the  small  demand.  The  only  Society  making  use  of  kites 
was  the  Royal  Meteorological  Society.  It  might  be  possible  to  get  other  Societies 
interested,  so  that  more  work  might  be  found  for  kites.  They  might  perhaps 
be  used  at  sea.  Man-lifting  by  means  of  kites  was  carried  on  by  the  army, 
and  as  fresh  air  could  be  got  quite  a  little  way  up,  perhaps  doctors  might  in 
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the  future  send  their  patients  up  into  the  air  instead  of  to  Margate.  The 
Aeronaatical  Society  had  started  a  ground  in  Esaez,  where  he  hoped  to  have 
the  pleasure  of  private  competition  with  inventors  of  other  forms  of  kites. 

Mr.  C.  Broodsn  said  there  was  not  much  more  to  add  about  his  kite, 
after  the  able  way  in  which  Mr.  Bruce  had  described  it.  Since  it  was  flown 
at  the  competition  it  had  been  slightly  modified  by  adding  the  front  bridle- 
bar  instead  of  the  struts.  This  gave  it  vastly  more  strength,  because  the 
wings  could  be  sustained  in  two,  three,  or  more  places.  The  bridle  was 
attached  to  the  end  of  the  bridle-bar,  and  all  the  pull  was  along  that  bar.  It 
would  fly  a  much  larger  kite  with  the  same  weight.  He  considered  that  form 
of  single-surface  kite  about  the  best,  for  the  reason  that  ^ch  wing  formed  its 
own  curve.  He  used  to  get  out  the  curves  in  the  air,  by  making  a  cloud  of 
smoke  and  making  small  models  glide  through  it  to  see  the  curves  that  the  air 
took.  He  made  each  wing  a  certain  size,  and  then  gave  half  the  distance  of  that 
wing  to  the  next  This  he  found  would  fly  much  better.  The  average  angle  up 
to  5000  feet  would  be  from  SS**  to  60*.  The  advantage  of  a  flat  kite  was  that 
it  would  fly  with  a  very  light  breeze.  With  a  breeze  of  8  miles  an  hour 
the  kite  would  rise  very  readily.  It  woiild  also  stand  a  wind  of  40  to  60 
miles  an  hour,  and  pull  up  120  lbs.  without  varying  its  perpendicular 
position  in  the  air.  That  kite  and  the  box-winged  kite  had  frequently  lifted 
a  man.  On  one  occasion  the  box-winged  kite  broke  away,  but  the  other  kite 
came  down  so  gently  that  the  man  was  not  hurt  He  would  be  pleased  to 
meet  any  one  in  a  competition  to  further  the  science  of  kite-flying.  A  good 
deal  more  use  might  be  made  of  kites  than  was  done  at  present 

Mr.  W.  H.  Dines  said  he  must  thank  Mr.  Bruce  for  his  interesting  paper. 
No  doubt  a  good  deal  more  might  be  done  to  obtain  a  special  kite  for  light 
winds,  but  at  Pyrton  Hill,  as  the  other  work  did  not  leave  time  for  more  than 
a  limited  amount  of  kite-flying,  they  chose  days  on  which  there  was  a  good 
wind,  so  that  time  might  not  be  lost  in  getting  up  steam  in  the  boiler  for 
nothing  and  in  vain  attempts  to  start  a  kite.  What  they  chiefly  wanted  was  a 
kite  that  would  be  stable  in  any  wind  and  never  exert  more  than  a  certain 
definite  pull  upon  the  wire,  because  when  heights  of  more  than  a  few  thousand 
feet  were  attempted  there  was  often  the  risk  of  a  very  strong  wind  being  met 
with  which  might  make  the  kite  unstable  and  break  i^  or  might  break  the  wire. 
Trials  of  kites  on  a  preappointed  day  were  not  of  much  use  ;  before  one  could 
pronounce  definitely  upon  the  merits  of  a  kite  it  was  necessary  to  have  used  it 
several  times  under  all  conditions  of  weather. 

With  reference  to  Mr.  Cave's  paper  he  thought  the  greater  average  height 
in  1908  was  probably  due  to  more  experience.  It  was  unusual  to  get  a 
duplicated  case,  but  it  was  noteworthy  that  most  of  the  balloons  sent  up  in  the 
middle  of  the  week  showed  duplicated  traces ;  from  which  it  appeared  that 
changes  of  temperature  occurring  in  a  short  time  in  the  upper  air  were  general 
over  the  country  on  July  28  and  29.  Unless  there  were  a  great  difl^erence  in 
the  velocity  or  direction  of  the  wind  at  different  heights  the  instrument  would 
rise  and  fall  through  pretty  much  the  same  air,  so  that  he  thought  the  double 
traces  were  due  to  changes  of  temperature  of  the  air  rather  than  to  changes  of 
place.  With  further  experience  he  was  becoming  more  certain  of  the  general 
reliability  of  the  results.  On  October  2  a  balloon  was  sent  up  by  Mr.  Cave ; 
it  was  found  quickly,  the  trace  worked  up,  and  the  result  published.  This 
balloon  was  seiit  up  at  4.20  f.m.  in  a  Southerly  wind,  and  as  Ditcham  Park  is 
south  of  Pyrton  Hill,  it  drifted  towards  Pyrton  Hill  and  was  probably  about 
15  miles  from  Pyrton  Hill  when  it  burst.  On  the  same  day  at  5  p.m. 
a  balloon  was  sent  up  from  Pyrton  Hill,  and  it  is  obvious  that  relatively  to 
the  moving  air  its  track  must  have  been  very  near  to  that  made  by  Mr.  Cave's 
balloon.     This  was  not  found  for  some  time.     When  the  trace  was  worked  up 
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a  curious  kink  in  the  curve  was  noticed^  the  gradient  from  4200  metres 
(13,780  ft)  to  4850  metres  (16,910  ft.)  exceeding  the  adiabatic  rate.  It  was 
supposed  that  a  mistake  had  been  made,  but  a  fresh  determination  failed 
to  show  any  mistake.  The  results  for  Ditdiam  Park  were  then  examined,  and 
precisely  the  same  peculiarity,  which  had  passed  unnoticed  at  the  time,  was 
discovered.  The  results  obtained  last  July,  and  also  at  the  beginning  of 
October,  were  not  of  the  usual  character;  the  temperature  at  the  top  was 
imusually  low,  and  the  commencement  of  the  "  isothermal "  unusually  high  up. 
Mr.  Cave's  investigations  as  to  the  decrease  of  wind  velocity  at  the  level  where 
the  temperature  gradient  ceases  were  very  interesting ;  there  seemed  to  be  good 
evidence  that  this  was  the  case  in  July  and  also  in  the  first  week  in  October. 
Unfortunately  the  conditions  did  not  always  admit  of  following  a  balloon  up 
to  12  or  13  kilometres  (7^  or  8  miles).  The  change  in  the  direction  of  the 
wind  during  the  week  noticed  by  Mr.  Cave  had  also  occurred  at  Crinan. 

Dr.  W.  N.  Shaw  said  they  had  not  yet  come  to  the  end  of  the  information 
they  would  get  from  the  enterprise  of  the  last  week  of  July.  He  had  received 
notice  from  an  address  in  Fermoy,  County  Cork,  that  an  instrument  had  been 
picked  up  in  that  neighbourhood.  It  had  been  seen  for  three  weeks  at  the 
top  of  a  tree,  and  had  only  just  fallen  down.  Nobody  knew  when  it  had 
arrived  in  the  tree.  It  had  probably  been  there  since  the  last  week  in  July. 
Mr.  Cave  mentioned  the  possibility  of  an  instrumental  error  in  the  records. 
This  was  a  question  raised  most  frequently  by  those  who  had  the  least  experi- 
ence of  the  instruments  and  methods  of  using  them.  Dr.  Chree  had  already 
raised  the  question  in  Nature*  He  hoped  the  doubt  would  be  set  at  rest  by 
the  examination  of  two  instruments  which  had  been  placed  at  the  disposal  of 
the  Laboratory  for  the  purposes  of  experiment  Mr.  Craig  of  the  Egyptian 
Survey  suggested*  in  a  letter  that  the  idea  of  the  isothermal  layer  (the  strato- 
sphere) was  due  to  an  instrumental  error,  based  upon  the  fact  that  with  aneroid 
instruments  there  was  a  certain  lag  in  the  record,  because  the  metallic  case  did 
not  respond  to  the  variation  of  pressure  instantaneously.  Mr.  Craig  suggested 
that  it  was  possible  to  explain  all  these  phenomena  by  considering  that  the 
balloon  went  up  to  a  certain  distance  and  stopped  rising,  whereas  the  aneroid 
went  on  contracting  after  the  balloon  had  come  to  rest  Apparent  but  not  real 
isothermal  conditions  would  be  the  consequence.  These  criticisms  were  really 
based  by  Mr.  Craig  upon  his  absence  of  knowledge  of  the  methods  of  calibration. 
Mr.  Craig  had  only  seen  one  statement  about  the  calibration  of  the  instrument?,, 
and  concluded  that  his  explanation  of  the  phenomena  was  not  therefore  inad- 
missible. A  detailed  account  of  the  methods  of  calibration  would  probably 
convince  him  of  the  reality  of  the  phenomena.  As  regards  the  part  of  Mr. 
Cave's  paper  dealing  with  the  variation  in  the  temperature  of  the  stratosphere^ 
there  was  one  striking  fact.  The  temperature  in  the  line  which  the  balloon 
took  was  the  same.  There  was  an  apparent  difficulty  in  explaining  why  the 
temperature  was  the  same  as  regards  the  height  as  shown  by  the  balloon^  if  it 
were  not  the  same  over  long  periods  together  or  over'  a  large  area.  But  on 
further  inquiry  there  was  really  more  difficulty  in  explaining  how  a  difference 
of  temperature  at  different  levels  could  arise  in  the  stratosphere,  than  in  explain- 
ing the  persistence  of  isothermal  conditions  in  vertical  lines  of  the  stratosphere 
in  spite  of  the  perturbations  due  to  changes  of  pressure  in  the  troposphere. 

Mr.  K  S.  Bruce  said  that  he  was  very  glad  to  have  heard  Mr.  Brogden's 
explanation  of  the  additions  to  his  kite. 

Mr.  C.  J.  P.  Cave  said  that  he  thought  the  observations  of  balloons  by 
means  of  theodolites  up  to  the  time  of  bursting  disproved  the  suggestion  that  the 
isothermal  layer  might  be  only  an  instrumental  effect  due  to  the  behaviour  of 
the  aneroid.  When  a  balloon  was  watched  its  altitude  above  the  horizon 
usually  decreased  as  the  balloon  drifted  away,  but  after  a  certain  time  it  began 
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to  increase,  and  increased  till  the  balloon  burst ;  it  would  be  difficult  to  fit  in 
these  facts  with  the  above  suggestion.  Prof.  Hergesell,  by  placing  the  meteoro- 
graph under  the  air-pump  at  appropriate  temperatures,  imitated  as  far  as  possible 
the  conditions  of  an  actual  ascent,  and  could  probably  throw  light  on  the  ques- 
tion. Since  the  July  ascents  three  more  balloons  sent  up  at  Ditcham  had  been 
watched  till  after  they  entered  the  isothermal  layer  ;  in  every  case  there  was  a 
decrease  of  wind  velocity  similar  to  that  noticed  in  the  Jidy  ascents. 

The  President  said  that  all  present  would  wish  to  concur  in  expressing  a 
vote  of  thanks  to  the  authors  of  the  papers,  and  also  to  those  who  had  taken 
part  in  the  discussion. 


The  Oreon  FlaBh. 

The  following  account  of  an  observation  I  made  some  weeks  ago  may  be 
interesting,  because  it  was  another  example  of  the  way  in  which  the  so-called 
"  Green  Flash  "  may  be  produced. 

On  September  6  I  was  travelling  by  railroad  from  Bristol  to  Folkestone. 
Between  Ashford  and  Folkestone  I  happened  to  look  out  of  the  carriage  in  which 
1  was  seated.  The  sun  was  approaching  the  horizon  ;  in  front  of  its  disc 
there  was  a  bar  of  dusky  cloud  between  the  stratus  and  cumulo-stratus  type, 
dividing  the  disc  into  three  nearly  equal  parts.  The  lower  portion  was  orange- 
red,  the  upper  whitish-yellow,  the  middle  covered  by  the  bar  of  cloud. 

As  I  looked  I  observed  that  a  bluish-green  flash  (as  it  might  be  called)  over- 
spread the  upper  part  of  the  sun's  disc,  and  remained  visible  for  some  seconds. 

This  appearance  could  not  possibly  have  been  caused  by  refraction,  and  must 
have  been  an  example  of  simultaneous  physiological  contrast  ' 

It  may  be  illustrated  by  the  following  experiments  described  in  Goethe's 
work  on  The  Theory  of  Colours^  vol.  1,  paragraphs  56,  67,  and  79  (Eastlake's 
Translation),  which  are  also  examples  of  simultaneous  contrast : — 

"  If  a  piece  of  white  paper  is  placed  on  a  yellow  wall,  the  white  paper  will 
be  overspread  with  a  violet  hue. 

*'  Seen  through  an  opening  in  a  red  or  green  curtain,  objects  outside  appear 
to  be  tinged  with  the  demanded  or  opposite  colour. 

"  Let  a  white  paper  blind  be  fastened  inside  in  front  of  the  window  on  a 
winter  evening  ;  in  the  blind  let  there  be  an  opening  through  which  the  snow 
of  some  neighbouring  roof  may  be  seen.  While  it  is  still  to  a  certain  extent 
twilight  outside,  let  a  light  be  brought  into  the  room,  the  snow  seen  through 
the  opening  will  then  appear  perfectly  blue,  because  the  paper  is  tinged  with 
yellow  by  the  candle  light.  The  snow  seen  through  the  opening  is  here 
equivalent  to  a  shadow  illumined  by  a  contrary  light,  or,  if  you  please,  to  a 
grey  disc  on  a  yellow  surface." — R.  C.  Cann  Lippincott,  Over  Court,  Almonds- 
bury,  Bristol,  November  6,  1908. 

Scottish  Meteorological  Society. 

A  General  Meeting  of  this  Society  was  held  in  Edinburgh  on  December  1, 
1 908,  when  Sir  Arthur  Mitchell  read  a  paper  on  "  The  Obedience  of  Scarlet 
Fever  to  Seasonal  Influence  in  Scotland."  The  first  election  of  Officers  and 
Council  under  the  new  constitution  of  the  Society  also  took  place.  The  Officers 
are :  President,  Sir  Arthur  Mitchell,  M.D. ;  Hon.  Secretaries,  R.  T,  Omond  and 
E.  M.  Weddei'burn  ;  Treasurer,  W.  B.  Wilson  ;  and  Meteorological  Secretary, 
A.  Watt. 
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THE  GEEMAN  AEROLOGICAL  EXPEDITION  FOR  THE  EX- 
PLORATION OF  THE  UPPER  AIR  IN  TROPICAL  EAST 
AFRICA,  JULY  TO  DECEMBER  1908. 

By  Dr.  RICHARD  ASSMANN,  Hon.  Mem.  R.Met.Soc. 
Director  of  the  Royal  Prussian  Aeronautical  Observatory,  Lindenberg. 

As  an  Honorary  Member  of  the  Royal  Meteorological  Society,  I  beg  to 
send  a  short  account  concerning  the  Aerological  Expedition  of  the  Royal 
Prussian  Aeronautical  Observatory,  Lindenberg,  to  Tropical  East  Africa 
during  the  months  of  July  to  December  1908. 

The  object  of  this  expedition  was  the  exploration  of  the  upper  air  in 
the  heart  of  a  tropical  continent,  in  the  very  middle  of  the  equatorial 
belt.  The  large  Victoria  Nyanza,  whose  extent  of  surface  equals  the 
Kingdom  of  Bavaria,  was  considered  not  only  the  best,  but  the  only  spot 
suitable  for  the  purpose  of  making  kite  and  self-registering  balloon  ascents 
on  board  a  steamer,  thus  affording  the  opportunity  of  increasing  or 
lessening  the  relative  velocity  of  the  wind,  the  chief  object,  though, 
being  the  recovery  of  the  instruments  sent  up  by  ballons-sondes. 

It  was  intended  also  to  contribute  to  the  elucidation  of  a  well-known 
important  problem,  the  origin  and  interior  structure  of  the  monsoon 
winds  of  the  Indian  Ocean,  whose  influence  upon  precipitation  in  India, 
and  the  subsequent  crops,  is  of.  highest  theoretical  and  practical  interest. 
It  would  also  be  very  valuable  in  supplementing  the  exploration  of  the 
Atlantic  trade  winds,  successfully  carried  out  by  Hergesell  and  the 
assistants  of  Teisserenc  de  Bort  and  Kotch  on  board  the  Otaiia. 

A  committee  of  scientific  men  was  formed  for  carrying  out  this 
project,  who  tried  to  obtain  the  necessary  sum  of  £2500  from  public 
funds.  The  equipment  of  the  expedition  had,  however,  to  be  prepared 
without  any  delay,  as  an  agreement  had  been  made  with  the  International 
Committee  for  Scientific  Aeronautics,  to  collaborate,  if  possible,  in  the 
international  ascents  of  July  26  to  August  1.  As  the  equipment 
was  complete  and  already  shipped,  and  the  workers  ready  to  travel 
(accompanying  the  leader.  Professor  Berson,  were  Dr.  Elias,  formerly 
assistant  at,  and  Mr.  Mund,  balloon-superintendent  of,  the  Royal  Aero- 
nautical Observatory),  it  was  very  disappointing,  indeed,  to  be  informed 
unexpectedly,  at  the  last  moment,  that  the  application  for  a  special 
grant  was  refused.  To  draw  back  being  impossible,  I  was  forced  to 
find  a  Maecenas  of  science,  and — ^I  found  several. 

The  expedition  left  Europe  in  the  middle  of  June,  and  managed, 
after  some  little  delay  at  Mombasa  and  Nakuru,  to  arrive,  via  the  Uganda 
Railway  and  the  lake,  with  all  its  cargo  of  windlasses,  kites,  balloons, 
chemicals,  instruments,  and  personal  equipment,  on  July  24  at  Shirati  in 
German  East  Africa,  situated  on  the  east  coast  of  the  Victoria  Nyanza, 
in  r  7'  S.  lat. 

The  Observatory  is  deeply  indebted  for  the  courtesy  and  most  helpful 
assistance  which  the  expedition  met  with  everywhere  in  England  and  in 
British  East  Africa.  Particularly  we  must  thank  Dr.  Shaw,  the  Director 
of  the  Meteorological  Office,  who  did  not  cease  to  help  us  by  letters  and 
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telegrams,  visits  and  inquiries  at  the  Embassy  and  the  Colonial  Office, 
with  the  utmost  success,  so  that  through  his  intervention  the  expedition 
was  able  to  charter  a  convenient  steamer  on  Lake  Victoria,  instead  of 
another  disabled  one. 

The  Observatory  is  also  largely  indebted  to  the  Colonial  Office  and  to 
all  the  authorities,  Imperial  as  well  as  local,  in  British  East  Africa  and 
Uganda.  The  members  of  the  expedition  beg  to  express  their  feelings  of 
sincidre  gratitude  to  the  officials  of  the  Uganda  Bailway,  and  to  the  Custom 
and  Port  officers  of  the  steamers  plying  on  Lake  Victoria. 

During  the  period  from  the  end  of  July  until  the  middle  of  September, 
23  ascents  of  self -registering  balloons  were  made  on  the  lake,  of  which 
15  were  recovered  with  their  apparatus,  and  registered  curves  of  pressure, 
temperature,  and  humidity  of  the  air,  some  of  the  instruments  reaching 
to  very  great  altitudes.  Eight  instruments  were  lost^  chiefly  owing  to 
the  unknown  difficulties  in  the  management  of  india-rubber  balloons, 
several  of  which  burst  in  the  air  before  the  descent  was  finished,  and 
on  account  of  the  lack  of  speed  of  the  laimch  Husseni,  belonging  to  an 
Indian  merchant^  AUidina  Vishran,  from  Entebbe,  and  chartered  for  two 
months  at  a  cost  of  £5  per  day.  With  good  fuel  from  Entebbe  she  could 
only  run  7  miles  an  hour,  which  is,  as  a  rule,  insufficient  for  an  effectual 
hunting  of  wind-driven  floating  balloons ;  and  this  was  still  much  more 
the  case  when,  with  poor  fuel  from  Shirati,  she  reached  a  velocity  of  only 
5  to  6  miles  per  hour.  With  a  speed  of  some  12  miles  an  hour  the 
Victoria  Nyanza  may  be  considered  the  best  place  in  the  world  for 
sounding-balloon  ascents,  because  the  winds  generally  are  feeble  enough 
to  permit  the  recovery  of  nearly  all  the  balloons  sent  up. 

In  the  two  highest  ascents  of  these  balloons,  viz.  to  65,000  feet  and 
66,000  feet  (19,800  and  17,000  metres),  there  was  found  the  most 
interesting  "upper  isothermal  layer,''  first  discovered  simultaneously  by 
M.  Teisserenc  de  Bort  and  the  writer,  and  afterwards  pointed  out  in 
America  by  Mr.  Rotch ;  and  not  only  in  nearly  all  countries,  but  also 
above  the  Atlantic  Ocean  between  the  Tropics  and  the  Arctic  Seas.  It 
was  not  reached  in  the  actual  equatorial  belt  by  the  Otaria  Expedition, 
and  thus  has  been  for  the  first  time  discovered  through  our  ascents  over 
continental  East  Africa  in  the  corresponding  latitudes,  which  is  certainly 
a  featru-e  of  great  importance. 

Equally  interesting  is  the  great  average  decrease  of  temperature  with 
the  altitude  found  over  Lake  Victoria ;  the  lowest  temperature  encountered 
at  65,000  feet  (1 9,800  metres)  was  -  1 19°  F.  (  -  84**  C),  the  thermometer 
pointing  to  79°  F.  (26°  C.)  on  the  ground  (3800  feet  =1150  metres 
altitude  above  sea-level).  The  variability  of  temperature  in  the  very 
high  strata,  well  known  over  Europe  and  America,  was  found  to  be 
nearly  the  same  amount  over  equatorial  Africa ;  in  two  subsequent  ascents 
at  56,000  feet  (17,000  metres)  -105°  F.  (-76°  C.)  and  -62°  F. 
( -  52°  C.)  were  registered,  while  the  whole  annual  variation  on  the 
ground  does  not  exceed  3  to  4  degrees  C. 

In  addition  to  these  registering  balloons  a  large  number  of  smaller  pilot- 
balloons,  carrying  no  apparatus,  were  sent  up,  partly  soaring  up  to  enormous 
heights,  in  order  to  complete  the  exploration  of  the  wind.  Their  flight 
was  observed  with  theodolites  from  fixed  points  on  the  shore.  The  most 
surprising  result  was  the  discovery  of  an  uppermost  current  of  air  blowing 
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nearly  from  due  West^  and  flowing  above  the  regular  Easterly  current  of 
the  equatorial  region.  The  lower  strata,  underlying  the  regular  Easterly 
trade,  were  swept  by  diurnal  and  seasonal  winds,  particularly  by  the  sea 
and  land  breezes  generally  prevailing  up  to  the  height  of  3000  to  4000 
feet  above  the  level  of  the  lake. 

The  exploration  of  the  sea-breeze  was  carried  out  by  means  of  kites 
which  could  not  be  raised  to  greater  altitudes,  because  there  was  a 
nearly  calm  stratum  over  the  breeze,  and  the  steamer  was  not  powerful 
enough  to  produce  a  sufficient  artificial  increase  of  wind  velocity. 
'•  As  kite  ascents  formed  an  important  part  in  the  plan  of  the  expedi- 
tion, it  was  very  detrimental  not  to  find  sufficient  wind  on  the  big  lake. 
Professor  Berson  therefore  tried  to  find  it  on  the  opposite  westerly  shore, 
making  perhaps  the  first  crossing  of  Lake  Victoria.  He  sailed  to  Bukoba, 
and  made  on  the  way  several  soundings  of  the  depths  in  the  middle  of 
the  lake.  The  interior  region  proved  to  be  devoid  of  islands  and 
uniformly  deep.  But  nowhere  did  he  encounter  a  current  of  air  strong 
enough  to  raise  kites,  except  in  connection  with  thunderstorms  or 
heavy  rain-gales ;  after  having  gone  in  vain  to  Entebbe,  he  returned  six 
days  later  along  the  equator  to  Shirati. 

The  charter  of  the  steamer  having  expired,  the  last  week  of 
September  and  the  beginning  of  October  were  devoted  to  simultaneous 
ascents  on  the  coast,  where  stronger  wind  could  be  expected,  with  kites 
and  pilot-balloons,  and  on  the  borders  of  the  Victoria  Nyanza,  where  Dr. 
Elias  remained  for  a  couple  of  weeks  and  made  a  series  of  pilot-balloon 
ascents,  no  kite-work  being  possible.  During  this  period  Prof.  Berson 
and  Mr.  Mund  made  5  higher  kite  and  1 1  pilot-balloon  ascents  at  Mom- 
basa, and  at  the  same  time  Dr.  Elias  carried  out  near  Shirati  13  pilot- 
balloon  ascents,  mostly  very  high. 

After  this  Prof.  Berson  and  Mr.  Mund  went  to  Dar-es-Salaam,  where 
they  carried  out,  first  alone  and  subsequently  in  collaboration  with  Dr. 
Elias,  numerous  ascents  of  kites  to  heights  of  6560  feet  (2000  metres),  and 
of  pilot-balloons,  one  of  which  reached  the  enormous  height  of  some  66,000 
feet  (20,000  metres),  went  with  the  Easterly  trade  to  13,000  feet  (4000 
metres),  returned  to  the  east  in  the  higher  stratum  of  26,000  to  33,000 
feet  (8000  to  10,000  metres),  and  again  to  the  west  in  the  uppermost 
elevation.  Pai't  of  the  kite-work  was  carried  out  on  the  ocean  south  of 
Zanzibar,  on  board  the  little  Government  steamer  Bovuma.  Several  of 
these  higher  ascents,  some  exceeding  10,000  feet  (3000  metres),  were 
made  at  the  end  of  October  in  the  period  between  the  two  monsoons, 
and  the  others  in  the  first  days  of  December,  when  the  North-east 
monsoon  was  blowing  steadily. 

At  first  it  was  intended  to  start  in  November  simultaneous  research 
on  the  continental  coast  and  on  the  monsoon  system  of  India  by  making 
kite  ascents  on  the  Seychelles  Islands ;  but  this  plan  had  to  be  given  up 
for  meteorological  and  practical  reasons,  and  was  replaced  by  another 
one. 

Prof.  Berson  and  Mr.  Mund  availed  themselves  of  the  welcome  oppor- 
tunity of  going  on  board  the  small  German  cruiser  Bussard  to  the  south 
as  far  as  Delagoa  Bay,  to  carry  out  some  ballons-sondes  ascents  to  43,600 
feet  (13,300  metres)  and  kite  ascents  to  10,500  feet  (3,200  metres)  from 
the  ship  on  the  ocean  and  in  the  bay  of  Inhambane,  24®  S.  lat,  while 
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Dr.  Elias  made  simultaneous  kite  and  pilot-balloon  ascents  at  Dares-Salaam 
and  on  sea. 

Of  course  it  is  not  possible  yet  to  give  more  than  a  brief  summary 
of  the  meteorological  results ;  but  I  believe  there  is  no  doubt  that  we 
may  expect  very  interesting  and  important  new  data  with  regard  to  the 
circulation  of  the  atmosphere  in  all  layers,  and  to  the  vertical  distribu- 
tion of  temperature  and  humidity  over  equatorial  East  Africa  and  the 
western  part  of  the  Indian  Ocean  and  its  shores. 

On  that  account  I  hope  that  my  brief  contribution  to  the  Quarterly 
Journal  of  the  Koyal  Meteorological  Society  will  be  of  interest. — 
January  31,  1909. 


Frost  and  Ice  OrystalB. 

Mr.  W.  A.  Bentley,  of  Jericho,  Vt,  U.S.A.,  has  made  a  study  not  only  of 
snow  crystals,^  but  also  of  the  forms  that  occur  among  the  frost,  ice,  hoar-frost, 
window-frost,  and  window-ice  crystallisations.  He  has  given  a  detailed  accouni 
of  the  results  of  his  investigation  in  the  U.S.  Monthly  Weaiher  Beview  for  1907, 
and  this  is  illustrated  by  274  beautiful  half-tone  reproductions  of  some  of  his 
photomicrographs.  The  types  of  crystals  illustrated  are — (1)  Tabular  hoar- 
frost ;  (2)  columnar  hoar-frost ;  (3)  window-frost ;  (4)  window-ice  ;  (5)  ordinary 
massive  ice  ;  and  (6)  hail.  The  illustrations  show  a  wonderful  variety  of  forms 
of  crystals,  and  make  the  study  a  most  fascinating  one. 

The  Snowfall  of  December  29,  1908. 

It  is  stated  that  the  weight  of  the  snow  which  fell  on  December  29  on  the 
106|  miles  of  roads  and  streets  in  the  borough  of  Hackney  was  estimated  approxi- 
mately at  20,000  tons.  The  cost  of  the  extra  labour  employed  in  clearing  the 
snow  away  amounted  to  £708  :  13  :  6,  extra  cartage  cost  £250,  and  salt  £121, 
making  a  total  expenditure  of  approximately  £1080  consequent  on  the  snowfall. 
— In  Holbom  it  was  estimated  that  the  total  cost  of  snow  removal  in  that 
borough  amounted  to  about  £1400.  The  numbers  of  casual  men  employed, 
in  addition  to  the  Councirs  regular  workmen,  in  the  work  of  clearing  the  streets 
in  connection  with  the  snowfall,  were — on  December  29,  695  ;  December  30, 
656  ;  December  31,  281  ;  and  January  1,  63.  The  total  amount  paid  in  wages 
was  £525,  but  the  total  cost  of  the  removal  amounted  approximately  to  about 
£1400. — The  cost  of  clearing  the  snowfall  in  Lambeth  amounted  to  the  sum  of 
£2481  :  10 :  9. — The  cost  of  removing  the  snow  in  the  city  of  Westminster 
was  nearly  £5000. — At  Greenwich  the  pnowfall  necessitated  an  expenditure  of 
£679:18:10. 

Showing  how  large  is  the  cost  of  snowfall  to  the  community  when  spread 
over  a  large  area,  at  Slough,  twenty  miles  from  London,  £78  : 2  :  7  was 
chargeable  to  the  ratepayers  (carting,  £39  :  78.  ;  manual  labour,  £38  :  15  :  7), 
besides  other  sums  paid  by  individuals  for  clearing  roofs,  etc.  In  the  larger 
suburban  towns,  such  as  Croydon,  Ealing,  etc.,  still  greater  amounts  have  been 
spent  on  the  removal  of  snow,  without  taking  into  account  the  expenditure  of 
the  provincial  cities,  and  of  the  railway  companies. 

*  See  Quarterly  Journal,  1903,  vol.  29,  pp.  223-224. 
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November  18,  1908. 

Ordinary  Meeting, 

Dr.  Hugh  Robert  Mill,  President,  in  the  Chair. 

Chablbs  William  Bartholomew,  Blakesley  Hall,  Towcester ; 
Walter  J.  £.  Biksr,  Wheatlands  Grove,  Harrogate ; 
Miss  F.  H.  Rouse  Boughton,  The  Abbey  House,  Shrewsbury ; 
Ernest  H.  Casey,  F.R.G.S.,  Thatched  House  Club,  S.W.  ; 
Lieut.  Frederick  Cooper,  R.N.R,  F.R.A.S.,  131  Sutton  Court,  W. ; 
James  Edward  Crombie,  M.A.,  LL.D.,  Dyce,  Aberdeen ; 
Mrs.  J.  H.  Foster,  The  Mount,  Witley,  Surrey ; 
Commander  James  Olden  Hatcher,  Freshfield,  Liverpool  ; 
Young  Hbe,  18  Kennedy  Road,  Hong-Kong ; 

Andrew  J.  Herbertson,  Ph.D.,  F.R.S.E.,  43  Banbury  Road,  Oxford ; 
Thomas  Brown  Hbwbtson,  Truro  ; 

William  Waugh  Larrin,  39  Aberdeen  Walk,  Scarborough ; 
Arthur  Lockwood,  Beddgelert,  North  Wales  ; 
Capt.  Dudley  R.  W.  Parsons,  45  The  Grove,  Gravesend  ; 
Capt.  V.  C.  White  Parsons,  138  Leadenhall  Street,  E.C. ; 
A.  R.  PiLLAi,  Trivandrum,  India ; 
Charles  Edwin  Rivers,  Assoc. M.Inst.C.E.,  Harrogate  ; 
Vincent  Ignatius  Stephen,  Rangoon,  Burma ;  and 
Wallace  Edward  Whitehouse,  14  Gungrog  Lane,  Welshpool, 
were  balloted  for  and  elected  Fellows  of  the  Society. 

The  President,  Dr.  H.  R.  Mill,  said  that  he  had  the  honour  of  opening 
a  new  Session  of  the  Society,  and  regretted  that  his  first  words  must  be  a 
reference  to  the  death  of  a  distinguished  Honorary  Member,  Prof.  K  Mascart, 
the  head  of  the  French  Meteorological  Service,  and  for  many  years  the 
President  of  the  International  Meteorological  Committee.  His  work  both  in 
meteorology  and  magnetism  gave  Prof.  Mascart  the  highest  rank  amongst  men 
of  science.  He  must  also  refer  to  the  death  of  Mr.  C.  J.  Bromhead,  who 
was  for  many  years  observer  at  Lincoln,  and  had  carried  on  a  difficult  series  of 
investigations  with  an  electrical  thermometer  fixed  on  the  tower  of  Lincoln 
Cathedral.  The  Society  itself  had  not  been  asleep  during  the  interval  since 
its  last  Meeting ;  its  activity  always  continues,  and  a  great  deal  of  work  had 
been  done.  At  the  last  Meeting  he  had  referred  to  several  important  delega- 
tions which  were  being  set  on  foot  by  the  Society.  The  most  important  of 
these  was  to  have  been  the  Conference  of  Meteorologists  of  the  British  Empire 
at  Ottawa  in  July.  He,  Dr.  Mill,  having  been  appointed  the  delegate  of  the 
Society,  had  taken  his  passage  and  was  prepared  to  start,  when  a  few  days 
before  the  date  of  sailing  a  cablegram  arrived  announcing  that  the  meeting  was 
postponed  until  next  year,  when  it  would  be  held  at  Winnipeg  at  the  meeting 
of  the  British  Association.  He  had  received  no  further  information,  and  there 
was  a  very  short  time  now  left  in  which  arrangements  for  a  meeting  of  repre- 
sentatives from  all  parts  of  the  Empire  could  be  made.  Another  celebration 
was  the  Semi-Jubilee  of  their  sister  Society  in  Germany,  the  Deutsche  Meteoro- 
logische  Gesellschaft,  which  was  held  at  Hamburg  at  the  end  of  September. 
Mr.  H.  Harries,  who  had  represented  the  Society,  would  read  his  report  that 
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evening.  The  German  Society  was  to  be  congratnlated  on  the  fine  work  it  had 
done,  especially  in  sharing  with  the  Austrian  Society  the  publication  of  the 
Metearologisehe  ZeiUchrifty  the  most  celebrated  of  all  meteorological  journals. 
The  Society  had  also  been  represented  by  Mr.  H.  Hellish  at  Oxford  on  the 
occasion  of  the  Jubilee  of  the  Museum  there,  which  commemorated  the  begin- 
ning of  modem  scientific  study  at  that  University.  The  other  work  of  the 
Society  had  been  carried  on  witii  due  diligence.  A  very  complete  Exhibit  had 
been  sent  to  the  Franco-British  Exhibition,  and  it  was  satisfactory  to  know  that 
it  had  been  awarded  the  certificate  for  Grand  Prize  (the  highest  award)  in  both 
the  classes  of  Education  and  Science.  Arrangements  had  been  made  to  provide 
and  maintain  a  station  in  full  working  order  during  the  period  of  the  Exhibition, 
but  as  no  ground  had  been  set  apart  for  this  purpose,  though  promised,  they 
were  unable  to  do  this.  Such  a  station  had,  however,  been  fitted  up  at 
Newcastle,  where  the  Society  had  also  exhibited  at  the  Annual  Show  of  the 
Royal  Ag^cultural  Society,  and  this  had  proved  a  popular  and  interesting 
feature,  useful  in  spreading  not  only  a  knowledge  of  meteorology,  but  also  of 
the  Society.  Mr.  W.  Marriott,  as  the  Society's  Inspector,  had  visited  various 
stations,  and  his  report  on  these  would  appear  in  due  course.  Mr.  Marriott 
was  also,  as  the  Society's  Lecturer,  continuing  his  lectures  on  meteorological 
subjects  throughout  the  country,  to  various  scientific  societies  and  schools. 
The  Society  was  taking  an  active  part  in  the  study  of  the  upper  air.  Im- 
portant observations  were  made  in  Ireland  by  Captain  C.  H.  Ley,  whose  report 
would  be  laid  before  the  Meeting  that  evening.  They  were  aJso  proceeding 
with  the  observations  in  Barbados. 

The  following  communications  were  read  : — 

1.  "German  Meteorological   Society. — Twenty-fipth  Anniversary, 
1908."     By  Henry  Harries,  F.R.Met.Soc.  (p.  1). 

2.  "Investigation   op  the   Electrical  State   of   the   Upper  Atmo- 
sphere,   MADE    AT    THE     HoWARD    ESTATB   OBSERVATORY,     GlOSSOP."      By  W. 

Marowbr,  Margaret  White,  and  E.  Marsden  (p.  7). 

3.  "Balloon  Observations  made  at  Birdhill,   Co.  Limerick,  during 
July  and  August  1908."     By  Capt.  C.  H.  Ley,  F.R.MetSoc.  (p.  15). 


December  16,  1908. 

Ordinary  Meeting. 

Dr.  Hugh  Robert  Mill,  President,  in  the  Chair. 

Paul  A  Cobbold,  M.A,  Haileybury,  Ontario  ; 
Thomas  Curley,  Public  Works  Department,  Burma  ; 
John  Somers  Dines,  B.A.,  17  Larkfield  Road,  Richmond,  Surrey; 
John  A.  Greenwood,  F.R.AS.,  Funtington  House,  Chichester ; 
Henry  H.  Haines,  F.L.S.,  Bovingdon,  Herts; 
Neville  Holdbn,  F.R.A.S.,  Lindow  Cottage,  Lancaster  ; 
Frxderigk  W.  Nash,  Hockley  Heath,  Birmiugham  ; 
Sardar  Nowrojeb  Pudumjbb,  Poona,  Bombay  Presidency  ; 
Tom  Robinson,  Town  Hall,  Hoy  lake  ;  and 
Prof.  Robert  Wallace,  F.L.S.,  University,  Edinburgh, 
were  balloted  for  and  elected  Fellows  of  the  Society. 

Mr.  J.  W.  Forrester  and  Mr.  T.  P.  Newman  were  appointed  Auditors  of 
the  Society's  accounts  for  the  year  1908. 

The  President,  Dr.  H.  R.  Mill,  said  that,  before  proceeding  to  the  reading 
of  the  papers,  he  wished  to  refer  to  events  in  the  history  of  the  Society  since 
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the  laat  Meeting.  He  regretted  to  record  the  death  of  one  of  the  older  Fellows, 
Mr.  W.  M.  Beaufort,  the  bearer  of  an  honoured  name.  He  was  the  son  of 
Admiral  Beaufort,  the  originator  of  the  famous  Wind-Scale  in  use  in  this  country, 
and  he  had  himself  served  on  our  Council.  The  Council  had  passed  a  vote  of 
•condolence  with  Mr.  Beaufort's  relatives,  and  he  was  sure  that  the  Fellows 
would  share  with  the  Council  these  feelings  of  regret.  Several  papers  dealing 
with  the  subject  which  was  now  in  the  front  of  meteorological  research  would 
be  read  that  evening.  Mr.  Eric  Stuart  Bruce  had  given  a  great  deal  of  atten- 
tion to  the  study  of  the  means  of  attaining  to  great  heights  in  the  air  with 
balloons  and  kites. 

The  following  communications  were  read  : — 

1.  <*  Some  Forms  of  Scibntifio  Kites.''    By  Ebio  Stuabt  Bruce,  M.A., 
F.R.MetSoc.  (p.  31). 

2.  <*  The  Reoibtebino  Balloon  Ajscents  ik  the  British   Isles,  July 
27  TO  August  1,  1908."     By  C.  J.  P.  Cave,  F.R.Met.Soc.  (p.  37). 

3.  "Balloon  Observations  at  Ditch  am  Park,  Petersfield,  Jult  27 
TO  August  2,  1908."     By  C.  J.  P.  Cave,  F.R.MetSoc.  (p.  43). 


CORRESPONDENCE  AND  NOTES. 

LectnreB  on  Meteorology. 

Mr.  W.  Marriott  has  recently  given  lectures  on  meteorological  subjects,  in 
connection  with  the  Society's  scheme  for  diffusing  a  knowledge  of  Meteorology, 
at  the  following  places : — October  23,  1908,  St  Lawrence  College,  Ramsgate  ; 
October  31,  Christ's  Hospital,  Horsham  ;  November  6,  Wolverhampton  Literary 
and  Scientific  Society;  November  17,  Uppingham  School;  November  21, 
Harrow  School;  and  December  4,  Tunbridge  Wells  Natural  History  and 
Philosophical  Society. 

Large  Barometer. 

We  learn  that  Father  Alfani  has  recently  constructed  at  Faenza,  the  birth- 
place of  Torricelli,  the  largest  barometer  ever  made.  The  tube,  instead  of 
being  filled  with  mercury,  contains  purified  oil,  rendered  free  from  air,  and  he 
has  thus  been  able  to  obtain  a  column  11 '19  metres  (36*7  ft)  in  height,  whereas 
with  water  the  height  would  only  have  been  1032  metres  (33*9  ft). 

Madras  Anemographlc  Records. 

In  the  Indian  Meteorological  Memoirs^  vol.  20,  part  5,  Mr.  R.  L.  Jones  con- 
tributes a  paper  on  "  A  Discussion  of  some  of  the  Anemographic  Observations 
recorded  at  Madras."  This  contains  an  analysis  of  some  of  the  wind  records 
taken  by  a  Beckley  Anemograph  at  the  Madras  Observatory  from  1865  to  1904, 
a  discussion  of  some  of  the  most  prominent  features  of  the  air  movements 
revealed  by  them,  and  of  the  relation  of  these  to  the  general  meteorological 
conditions  over  Southern  India.  The  author  found  that  there  has  been  a  pro- 
gressive diminution  in  the  recorded  air  movement,  the  mean  daily  movement 
'  for  the  first  series  of  eleven  years  being  180  miles,  for  the  second  series  170 
miles,  and  for  the  third  series  156  miles.  It  is  clear  that  the  decrease  was 
almost  continuous  up  to  1887  and  has  since  practically  ceased.  Recent  com- 
parisons with  a  Dines'  Pressure-Tube  Anemometer  have  shown  that  the  scale 
of  the  instrument  is  correct  The  position  of  the  anemometer  at  Madras  has 
never  been  changed,  nor  have  any  structural  alterations  been  made  in  the 
building  on  which  it  is  placed  that  could  possibly  affect  the  exposure.  As 
alterations  of  this  kind  would  show  their  effects  by  a  sudden  and  constant 
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change,  and  not  by  a  persistent  progressive  one  of  the  kind  shown  here  between 
1865  and  1887,  it  is  evident  that  some  slow  change  most  have  taken  place  in 
the  surroundings,  which  continuously  and  increasingly  affected  the  flow  of  air 
passing  the  anemometer. 

As  to  the  cause  of  this  steady  diminution  in  velocity,  it  seems  most  prob- 
able that  the  greater  part,  if  not  the  whole  of  it,  is  to  be  ascribed  to  the  change 
produced  by  growing  trees.  This  explanation  suggested  itself  to  the  author  on 
seeing  an  old  drawing  of  the  observatory,  where  it  was  shown  that  the  whole 
neighbourhood  was  then  open  and  almost  entirely  free  from  trees  to  a  consider- 
able distance  from  the  observatory.  Even  at  present  there  are  no  trees  very 
near  and  none  overtop  the  instrument,  but  there  can  be  no  doubt  that  those  in 
the  neighbourhood  do  exercise  a  considerable  influence  on  the  air  movement  at 
the  cups  of  the  anemometer.  Many  of  them  were  planted  in  the  earlier  part  of 
the  century,  and  have  now  attained  their  full  growth.  They  have  at  any  rate 
completely  altered  the  character  of  the  surroundings  of  the  observatory  and 
materially  lowered  the  effective  height  of  the  anemometer,  and  this  action  was 
increasing  for  some  time  after  the  installation  of  the  Beckley.  Some  support 
is  given  to  this  inference  by  comparing  the  air  movements  at  the  observatory 
and  at  the  harbour,  where  the  exposure  of  the  anemometer  is  free  and 
unobstructed  on  the  east,  the  sea,  side.  The  velocities  at  the  harbour  are  as 
a  rule  considerably  higher  than  those  recorded  at  the  observatory  at  the  same 
time,  especially  when  the  wind  blows  from  the  sea  side.  Special  tests  and  com- 
parisons have  shown  that  these  differences  are  not  due  to  the  instruments 
themselves,  and  consequently  they  must  be  largely  due  to  differences  in  the 
surroundings. 

The  daily  variations  of  the  tfir  movement  at  Madras  may  be  divided  into 
three  classes,  viz.:  (1)  Those  of  the  months  November  to  February,  which 
produce  very  little  change  in  direction  of  the  wind,  and  for  which  the  variation 
curve  is  long  and  narrow,  and  almost  parallel  to  the  mean  direction  for  the  day  ; 
(2)  those  of  the  months  March  to  April,  which  produce  a  considerable  change 
in  direction,  not,  however,  exceeding  five  points ;  and  (3)  those  of  the  months 
May  to  September,  which  produce  a  large  change  in  direction  of  the  wind, 
exceeding  six  points,  and  for  which  the  variation  curve  is  long  and  narrow,  and 
almost  perpendicular  to  the  coast-line  at  Madras;  the  axis  of  the  variation 
curve  from  west  to  east  during  May  makes  an  angle  of  about  80°  with  the  mean 
wind  direction,  and  during  June  to  September  an  angle  of  106°  to  120*.  The 
daily  variations  in  October  are  similar  to  those  in  September  and  form  the 
most  important  part  of  the  movement,  but  the  means  for  this  month  combine 
data  relating  to  widely  different  meteorological  conditions,  and  their  interest  is 
chiefly  climatological. 

The  following  features  are  common  to  the  diurnal  variations  in  all  months : 
(1)  The  variations  during  the  day  hours  are  much  greater  than  during  the 
night  hours ;  the  variation  in  the  wind  during  the  night  hours  in  November 
to  April  is  chiefly  one  of  magnitude^  the  direction  undergoing  very  little 
change  ;  during  the  rest  of  the  year,  however,  the  variation  at  these  hours  is 
chiefly  one  of  direction,  the  magnitude  undergoing  but  little  change ;  and  (2) 
a  sudden  change  in  velocity  occurs  shortly  after  sunrise  throughout  the  year ; 
from  November  to  February  the  change  in  direction  is  small,  in  March  to 
April  it  is  considerable,  and  in  May  to  September  it  is  large  ;  throughout  the 
year  a  rapid  change  occurs  in  the  magnitude  at  this  hour. 
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Handbuch  der  Klimatologie,  Yon  Dr.  Julius  Hann.  Band  I.  Allgemeine 
Elimalehre.  Dritte,  wesentlich  umgearbeitete  und  vermehrte  Auflage. 
Stuttgart:  Verlag  von  J.  Engelhorn,  1908.  8vo.  xiv.  +  394  pp. 
Price  13  marks. 

In  this  third  edition  of  his  well-known  Handbook  of  Climatology,  Dr.  Hann 
has  revised  and  extended  the  former  edition  and  brought  the  information  up 
to  date.  The  size  of  the  page  has  been  increased,  and  the  book  contains  a 
copious  index.  This  volume,  which  deals  with  general  climatology,  is  arranged 
in  six  sections,  and  these  are  divided  up  into  chapters  and  further  subdivisions. 

National  Antarctic  Expedition^  1901-1904.  Physical  Observations,  vnth 
Discussions,  by  Various  Authors.  Published  by  the  Royal  Society. 
London,  1908.     4to.     v.  +  190  pp.,  21  plates,  and  2  maps. 

This  volume  contains  a  series  of  reports  on  various  portions  of  the  Physical 
observations  made  during  the  voyage  of  the  Discovery  in  the  National  Antarctic 
Expedition,  together  with  other  observations  taken  in  different  regions  of  the 
world  in  further  illustration  of  the  subjects  under  discussion.  The  Royal 
Society,  having  undertaken  the  supervision  and  publication  of  the  Physical  work 
of  the  expedition,  placed  the  preparation  of  these  reports  in  the  most  competent 
hands  available. 

The  Tidal  work  of  the  Discovery,  which  was  in  charge  of  Lieutenant  M. 
Bame,  RN.,  has  been  discussed  by  Sir  George  Darwin,  who  has  also  discussed 
the  Tidal  observations  of  the  Scotia,  which  were  entrusted  to  the  Royal  Society 
by  Dr.  W.  S.  Bruce,  the  leader  of  the  Scottish  Antarctic  Expedition.  The 
analysis  of  the  Scotia  observations  has  been  furnished  by  Mr.  Selby  and  Mr. 
Hunter. 

The  other  Physical  work  of  the  Discovery  included  in  the  present  volume, 
consisting  of  Pendulum  observations.  Earthquake  registers,  Auroral  journal  and 
Magnetic  observation!*,  was  in  charge  of  Mr.  L.  C.  Bemacchi  during  the  expedi- 
tion, except  the  Magnetic  work  at  sea,  which  was  undertaken  by  Lieutenant 
Armitage.  Engineer-Commander  R  W.  Skelton,  besides  his  valuable  contribu- 
tions to  the  Photographic  work,  rendered  much  assistance  in  the  Pendulum 
observations.  All  the  officers  of  the  ship,  both  scientific  and  naval,  lent  their 
help  in  the  recording  of  Auroral  phenomena. 

The  account  of  the  Pendulum  observations  has  been  prepared  by  Mr. 
Bernacchi,  and  the  discussion  of  these  results  has  been  supplied  by  Dr.  Chree. 
Dr.  John  Milne  has  discussed  the  results  of  the  Seismological  observations,  and 
compared  these  observations  with  others  made  contemporaneously  in  different 
parts  of  the  world.  Mr.  Bernacchi  has  rewritten  and  arranged  the  Auroral 
journal,  to  which  Dr.  E.  A  Wilson  has  contributed  a  series  of  striking  draw- 
ings. The  report  on  the  Magnetic  observations  has  been  supplied  by  several 
contributors. 

The  Magnetic  work  of  the  Scotia  was  placed  in  the  hands  of  Dr.  Chree, 
who  has  discussed  it  in  the  present  volume,  while  Mr.  Mossman,  who  took  the 
original  observations,  has  furnished  the  account  of  the  conditions  in  which  they 
were  taken. 
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Solar  Physics  Commiitee.  Monthly  Mean  Values  of  Barometric  Pressure  for 
73  Selected  Staiions  over  the  Earth* s  Surface,  Compiled  at  the  Solar 
Physics  Observatory,  South  Kensington,  under  the  direction  of 
Sir  Norman  Lockyer.  London,  1908.  4to.  v. +  97  +  vi,  pp. 
and  32  plates.     Price,  6s. 

A  conaiderable  amount  of  work  has  been  done  at  the  Solar  Physics  Obser- 
vatory with  regard  to  the  possible  relationship  between  solar  and  terrestrial 
changes.  For  this  purpose  the  barometric  changes  at  a  great  number  of  places 
scattered  over  the  surface  of  the  earth  have  been  studied.  The  present  volume 
contains  those  data,  and  aUo  a  set  of  curves  made  from  them.  The  tables  give 
the  mean  barometric  pressure  for  each  month  for  73  stations,  and  for  as  long  a 
period  as  the  observations  are  available;  one  extends  from  1833  to  1904,  and 
another  only  from  1885  to  1899.  In  some  of  the  tables  the  values  are  given 
in  inches,  and  in  others  in  millimetres.  Some  are  reduced  to  sea-level,  and 
others  are  not  The  stations  taken  for  the  British  Isles  are — Stomoway,  1863- 
1904  ;  Aberdeen,  1869-1905  ;  Stonyhurst,  1885-1906  ;  Armagh,  1869-1904  ; 
and  Valencia,  1868-1905.  It  is  pointed  out  that  there  is  a  remarkable  relation 
in  the  nature  of  a  "  see-saw "  between  the  changes  of  barometric  pressures  at 
Bombay  and  Cordoba,  and  that  a  similar  variation  holds  good  over  large  regions 
of  which  these  places  are  centres. 

The  Atmosphere.  By  Edwin  J.  Houston,  Ph.D.  New  York :  Frederick 
A.  Stokes  Company.  London  and  Edinburgh  :  W.  and  R.  Chambers, 
Ltd.     1908.     8vo.     326  pp.     Price,  3s.  6d. 

This  forms  one  of  **  Chambers's  Wonder  Books."  It  is  a  popularly  written 
book  on  Meteorology,  and  is  suitable  for  young  people  and  also  for  home 
reading. 

The  Daily  Normal  Temperature  and  the  Daily  Norm^al  Precipitation  of  the 
United  States.  By  Frank  Hagar  Bigelow,  U.S.  Department  of 
Agriculture,  Weather  Bureau.  Bulletin  R.,  W.B.  395.  Washington, 
1908.     4to.     186  pp.     Price,  $1-75. 

This  contains  tables  giving  the  daily  normal  temperature  at  177  stations, 
and  the  daily  normal  precipitation  at  175  stations,  in  the  United  States. 

Prof.  Bigelow  states  that  the  temperature  data  contained  in  the  report  on 
temperatures  and  vapour  tensions  of  the  United  States,  reduced  to  a  homo- 
geneous system,  gave  the  values  for  each  month  of  the  year,  and  generally  for 
the  period  of  1873  to  1903.  In  the  compiling  of  the  climatological  bulletins, 
which  show  a  variation  of  the  temperature  and  the  precipitation  for  the  current 
week,  being  published  weekly,  it  is  necessary  to  have  normals  which  are  avail- 
able for  any  successive  seven  days  which  may  occur  in  the  year.  For  this 
purpose  the  monthly  normals  have  been  extended  to  normals  available  for  each 
day  of  the  year.  In  the  case  of  the  temperature  this  was  accomplished  by 
plotting  down  on  a  large  sheet  the  monthly  normals,  drawing  a  curve  through 
the  twelve  points  representing  the  months,  and  then  scaling  off  the  temperature 
for  each  day.  The  monthly  means  were  then  taken  from  these  values,  and  in 
case  of  any  discrepancy  between  these  monthly  means  and  the  original  monthly 
normals,  the  curve  was  slightly  adjusted,  so  that  these  two  monthly  means 
should  be  in  very  close  agreement.  The  tables  of  the  daily  normal  tempera- 
tures for  the  several  stations,  giving  the  temperature  each  day  to  the  nearest 
degree,  were  obtained  in  this  manner. 

In  forming  the  daily  normals  of  precipitation,  the  procedure  was  of  a 
different  character.     For  each  station  all  the  records  of  precipitation  for  each 
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daj  in  the  year  were  collected  together,  using  the  entire  available  series  daring 
which  observations  were  made  at  a  given  station.  The  daily  means  of  these 
data  were  taken,  and  the  result  of  plotting  these  values  in  a  curve  shows  that 
the  record  is  by  no  means  long  enough  to  give  a  true  normal  value,  the  curve 
being  generally  rough  and  consisting  of  broken  lines.  This  is  due  chiefly  to 
the  fact  that  occasionally  the  effect  of  a  storm  is  to  produce  excessive  local 
precipitation  on  the  given  date,  but  as  the  occurrence  of  this  storm  is  more  or 
less  accidental  at  a  given  place  it  will  require  many  more  years  of  observations 
to  eliminate  this  irregularity  than  we  now  possess.  In  order  to  approximate 
closely  to  the  daily  normal  values  which  would  be  derived  from  a  very  long 
series  of  observations  of  precipitation,  covering  two  or  three  centuries,  it  was 
thought  proper  to  use  the  mean  values  of  successive  eleven  dates — that  is, 
beginning  with  January  1  to  11,  inclusive,  the  mean  precipitation  was  taken 
and  entered  against  January  6  ;  then  taking  January  2  to  12,  inclusive,  the 
mean  precipitation  for  these  dates  was  entered  against  January  7  ;  and  in  this 
way  the  normal  values  were  obtained  for  each  day  in  the  year.  This  smooth- 
ing process  evidently  tends  to  spread  the  excessive  values  of  individual  dates 
backward  and  forward  through  ten  dates  on  each  side  of  their  occurrence,  and 
this  well-known  process  gives  a  very  close  approximation  to  the  mean  curve 
which  would  result  from  a  very  much  longer  series  of  actual  observations. 

In  the  cases  of  stations  of  short  record,  as  compared  with  many  stations 
covering  thirty-three  years,  the  following  process  was  adopted  for  adjusting 
short  records  of  precipitation  to  the  corresponding  long  records. 

A  series  of  charts  were  prepared  for  every  tenth  day,  as  January  1,  January 
11,  January  21,  February  1,  etc,  on  which  were  entered  the  values  of  the 
precipitation  for  every  tenth  day,  using  all  the  stations  of  long  record,  which 
covered  the  map  of  the  United  States  quite  fully.  Then  the  values  for  each 
tenth  day  of  the  station  with  short  record  were  compared  with  those  in  its 
neighbourhood,  and  such  adjustments  made  as  seemed  to  be  justified.  The  daily 
normals  were  then  interpolated  between  these  10-day  values,  in  every  case 
being  guided  by  the  trend  of  the  corresponding  daily  normals  of  the  neighbour- 
ing stations  of  long  records. 

These  tables  of  daily  normal  temperature  and  precipitation  are  now  in  use 
in  the  climatological  work  of  the  Weather  Bureau  throughout  the  United 
States,  and  they  have  superseded  all  the  daily  normals  which  were  prepared 
several  years  ago  from  much  less  extensive  data  than  were  available  in  the 
formation  of  these  tables. 

The  Kin^s  Highvxiy,  The  Nature^  Purpose,  and  Development  of  Roads  and 
Road  Systems.  By  Reginald  Ryves,  AB8oc.M.In8t.C.R  London, 
[1908].     4to.     viii.  +  96  pp.  and  4  plates. 

From  the  title  of  this  book  it  might  perhaps  be  supposed  that  it  was 
altogether  outside  meteorology.  The  author  shows,  however,  that  the  direct 
influence  of  climate  upon  both  the  construction  and  the  maintenance  of  roads  is 
very  great.  Severe  frosts  may  heave  up  roads,  prolonged  droughts  may  reduce 
them  to  a  loose  and  friable  condition,  rain  and  floods  may  wear  furrows  in  the 
road-crust,  cut  away  pieces  from  the  edges,  or  even,  by  washing  away  all  the 
binder,  reduce  the  road  to  the  condition  of  a  sea  beach.  There  are  some  influ- 
ences of  climate  which  can  be  met  by  good  management  at  the  time,  and  otherp^ 
such  as  those  of  cutting  winds,  snow-drifts,  and  hot  sunshine,  which  can  be 
greatly  lessened  by  intelligent  road  engineering. 

With  regard  to  the  question  of  temperature  changes,  it  is  pointed  out  that 
a  road  overhung  by  trees,  as  well  as  one  flanked  by  copses,  is  cooler  by  day  and 
warmer  by  night  in  bright  calm  weather  in  the  warm  part  of  the  year,  and  in 
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clear  radiation  weather  in  winter  is  warmer  bj  day  as  well  aa  by  night  than  bare 
roada  But  the  most  important  of  the  temperature  changes  which  can  be 
regulated  by  trees  and  hedges  are  those  which  take  place  in  the  neighbourhood 
of  the  freezing-point.  In  this  respect  the  eflfects  of  trees  and  other  growths  are 
very  important  indeed.  In  dealing  with  the  question  of  dampness  in  relation 
to  trees,  the  author  points  out  that  during  a  large  part  of  the  year  most  trees 
are  leafless,  but  this  fact  does  not  prevent  their  influence  upon  the  temperature 
changes  in  the  neighbourhood  of  freezing-point  being  considerable. 

There  are  several  ways  in  which,  according  to  circumstances,  protection 
from  snow-drifts  may  be  sought.  When  railways  have  to  be  protected  from 
drifting  snow  by  placing  snow  fences,  the  principle  has  been  recognised  that 
the  fences  should  be  placed  at  such  a  distance  from  the  railway  that  the  wind, 
after  having  its  velocity  checked  at  the  fence,  will  regain,  over  the  line,  a 
velocity  sufficient  to  sweep  the  snow  before  it  It  is  really  a  question  of  direc- 
tion rather  than  velocity,  but  the  necessity  for  leaving  a  space  for  the  leeward 
drift  is  the  same  on  highways. 


METEOROLOGICAL  LITERATURE. 

The  following  titles  of  papers  bearing  on  Meteorology  have  been 
selected  from  the  contents  of  some  of  the  periodicals  and  serials  which 
have  been  received  in  the  Library  of  the  Royal  Meteorological  Society. 
This  is  not  a  complete  list  of  all  the  published  meteorological  articles,  but 
only  shows  those  that  appear  to  be  of  more  general  interest. 

Abbot,  Gton.  H.  L. — Progressive  Climatic  Variations  on  the  Isthmus  of  Panama. 
Monthly  Weailur  Bev.,  Washingt<m,  86,  1908  (163-165). 

Anderson,  J.  A.— The  Work  of  Prof.  Carl  Stormer  on  Birkland's  Theory  of  the 
Aurora  Borealis.     Monthly  Weather  Rev,,  Washington,  86,  1908  (129-131). 

Barkow,  E. — Zar  Entstehung  der   Graupeln.     Meteor.   Zeits.,  Brunswick,  26,   1908 

(466-458). 

Ba8«hin,  0. — Die  klimatischen  Verhaltnisse  der  Stadt  Berlin.  Zeils,  d,  Ocsell.  /. 
Erdkunde,  Berlin,  1908  (589-548). 

Beals,  E.  A.— Annual  Rise  of  the  Columbia  River  in  1908.  Monthly  Weather  Bev,, 
Washington,  86,  1908  (235-236). 

Bell,  L. — Note  on  some  Meteorological  Uses  of  the  Polariscope.  Monthly  Weaiher  Bev., 
Washington,  36,  1908  (144-145). 

Bigelow,  F.  H.— Studies  on  the  Vortices  of  the  Atmosphere  and  the  Earth.  Monthly 
Weather  Rev.,  Washington,  86,  1908  (245-260). 

Bonacina,  L.  C.  W.— Meteorology  at  the  Franco-British  Exhibition.  Synums*  Met. 
Mag.,  London,  43,  1908  (126-128,  147-149,  174-177,  189-190). 

Boutquin,  A. — L'Asie  centrale.  Explorations  et  observations  climatologiqnes.  Son 
dess^chement.  Le  dernier  voyage  de  Sven  Hedin.  Ciel  et  Terre,  Braxelles,  29, 
1908  (377-390,  401-412). 

Chrystal,  Prof.  O.— On  the  Theory  of  the  Leaking  Microbarograph  ;  and  on  some 
Observations  made  with  a  Triad  of  Dines-Shaw  Instruments.  Proc  Boy.  8oc. 
Edin.,  28,  1908  (437-460). 

Colin,  E. — Observations  met^orologiques  faitcs  ^  Tananarive.  Ann.  Soc.  Mit.  France, 
Paris,  66,  1908  (209-213). 

Conger,  N.  B.— Ice  Conditions  on  the  Great  Lakes,  Winter  of  1907-8.  Monthly 
Weather  Bev.,  Washington,  86,  1908  (137-140). 

Conger,  N.  B.— Storms  and  Ice  on  the  Great  Lakes.  MontJdy  Weather  Bev.,  Washing' 
ton,  36,  1908  (236-244). 
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Dongler,  B.,  and  Bnuder.— Dispostif  ezp^mental,  ^tabli  au  Bureau  central  m^t^oro- 
logique  pear  le  controle  dee  thermom^tres  au-dessoua  de  0^.  Anri,  Soe.  MA, 
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SOME  AIMS  AND  EFFORTS  OF  THE  ROYAL  METEORO- 
LOGICAL  SOCIETY  IN  ITS  RELATION  TO  THE  PUBLIC 
AND  TO   METEOROLOGICAL  SCIENCE. 

By  HUGH  ROBERT  MILL,  D.Sc,  Preeident. 

[An  Address  delivered  before  the  Royal  Meteorological  Society,  January  20,  1909.] 

In  this  Address  I  do  not  propose  to  place  before  you  a  contribution  to 
meteorological  research,  but  to  call  attention  to  certain  aspects  of 
Meteorology  in  relation  to  the  activities  of  the  Society,  and  to  daily 
life.  The  object  of  our  Society  is  the  advancement  of  meteorological 
science,  and  it  is  our  business  to  consider  the  relations  between  that 
science  and  the  public,  as  well  as  to  forward  the  progress  of  Meteorology, 
and  keep  in  touch  with  the  work  of  meteorologists  in  all  parts  of  the 
world. 

While  stating  views  to  which  I  have  been  led  by  my  experience  as  a 
Fellow  of  this  Society  for  sixteen  years  and  as  a  member  of  the  Council 
for  the  rather  long  period  of  eight  years,  I  claim  no  special  authority  by 
virtue  of  the  office  from  which  I  am  now  about  to  be  relieved,  but  accept 
full  personal  responsibility  for  what  I  have  to  say. 

The  Society  is  composed  of  Fellows  whose  interest  in  Meteorology 
varies  widely,  and  there  is  moderation  in  dividing  the  Fellows  into  no 
more  than  three  orders—  meteorologists,  observers,  and  interested  persons. 
Meteorologists  have  either  voluntarily  devoted  much  time  to  the  scientific 
study  of  atmospheric  phenomena,  or  are  professionally  engaged  in 
meteorological  work ;  observers,  while  often  well  versed  in  Meteorology, 
specialise  in  collecting  data  and  preparing  them  for  discussion;  and 
persons  interested  are  those,  and  they  form  the  majority,  who  have 
neither  the  special  training  of  a  meteorologist  nor  the  special  aptitude  or 
inclination  of  an  observer,  but  are  none  the  less  convinced  of  the 
importance  of  the  work  which  is  being  done  by  the  other  two  orders, 
and  willing  to  support  it,  glad  to  become  acquainted  with  the  results 
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obtuned,  able  to  follow  and  appreciate  and  often  to  criticise  very 
usefully  the  expositions  which  meteorologists  and  observers  lay  before 
the  meetings.  The  public  contains  many  interested  persons  of  this  class 
who  do  not  belong  to  a  meteorological  society,  and  are  the  less  able  on 
that  account  to  understand  what  is  going  on  in  the  air  about  them ;  but 
the  great  multitude  of  the  public,  which,  for  convenience,  we  may  call 
the  careless  public,  consists  of  persons  who  are  not  interested  either 
actually  or  potentially  in  the  scientific  study  of  atmospheric  phenomena, 
who  require  stimulus  and  education  before  they  can  think  rationally  or 
speak  intelligently  about  the  weather.  Being  uninstructed  and  not 
caring  for  the  trouble  of  finding  out  what  is  already  known,  many  of 
the  careless  public  are  ready  to  receive  and  adopt  fantastic  explanations 
of  the  weather,  they  are  credulous  of  all  dogmatic  assertions  on  the 
question  of  long-period  weather  changes  and  predictio.ns,  but  characteristi- 
cally apathetic  and  sometimes  antagonistic  to  the  application  of  the 
scientific  method  or  the  expression  of  scientific  results  by  responsible 
authorities.  The  natural  recruiting  ground  for  meteorological  societies 
is  amongst  the  interested  public ;  but  we  owe  a  duty  also  to  the  wider 
circle  of  the  careless  public. 

In  dealing  with  the  subject-matter  of  Meteorology  there  are  two 
extreme  points  of  view  assumed  by  meteorologists  which  appeal  to  two 
opposite  types  of  mind.  These  are  the  simply  observational  and  the 
purely  analytical.  Where  the  former  holds  sway  there  is  a  tendency  to 
look  upon  the  accumulation  of  readings  of  instruments  and  detailed  notes 
of  weather  changes  as  an  aim  in  itself,  though  with  no  definite  purpose 
of  discussing  and  utilising  them,  or  with  the  object  merely  of  compiling 
tables  of  cumulative  or  mean  values,  and  comparing  one  occasion  with 
another.  This  spirit  is  most  useful  in  its  proper  sphere,  and  may  be 
highly  developed  in  observers  without  doing  any  harm ;  it  is  indeed  the 
good  spirit  of  the  observer,  though  at  the  same  time  it  may  be  the  evil 
spirit  of  the  meteorologist,  which  blinds  him  to  the  higher  objects  of  his 
work.  The  opposite  point  of  view  is  that  which  takes  interest  only  in 
the  application  of  mathematical  methods  to  sets  of  data,  with  the  view  of 
forcing  them  into  conformity  with  certain  relationships  which  may  or 
may  not  have  a  physical  basis.  The  danger  for  the  type  of  mind  addicted 
to  this  point  of  view  lies  in  the  tendency  to  make  the  method  of  treatment 
more  important  than  the  matter  dealt  with,  just  as  in  the  parallel  case 
of  classical  study  exemplified  by  a  great  scholar  who,  when  invited  to 
criticise  a  sermon,  found  nothing  worthy  of  remark  save  the  improper 
pronunciation  of  a  Latin  word,  which,  as  regards  meaning,  was  quite 
appropriate.  Hitherto  the  Society  has  shown  no  predilection  for  this 
extreme;  our  Fellows  might  even  with  advantage  stand  less  far  from 
danger  in  respect  to  it^  and  I  mention  it  only  in  order  to  take  account 
of  both  directions  in  which  the  pendulum  may  swing. 

The  extreme  observational  and  analytical  types  of  mind  are  not  often 
sympathetic,  and  it  is  one  of  the  advantages  of  a  scientific  society,  for  this 
antithesis  runs  through  all  science,  to  bring  representatives  of  the  two 
types  together,  and  to  encourage  mutual  toleration  and  understanding. 
At  a  time  when  the  accumulation  of  data  is  the  most  important 
object  to  pursue  it  is  well  that  the  observational  type  of  mind  should 
predominate,  for  it  is  the  most  likely  to  deal  critically  with  the  accuracy 
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of  the  observations  to  be  discussed,  and  to  secure  that  they  should  be  of 
such  a  kind  as  to  have  a  direct  bearing  on  the  elucidation  of  the  course 
of  natural  phenomena.  Observers  are  strengthened  and  encouraged  when 
they  are  made  to  feel  that  it  is  on  the  foundation  of  their  conscientious 
care  that  the  whole  fabric  of  science  rests,  and  we  may  congratulate 
ourselves  upon  the  fact  that  this  Society  has  always  given  a  high  place 
to  the  observer,  and  has  kept  very  prominently  in  view  the  fundamental 
importance  of  accurate  observations.  The  analytical  type  of  mind  is 
undoubtedly  that  which,  granted  the  completeness  and  the  accuracy  of 
the  data,  is  fitted  to  carry  Meteorology  to  its  highest  possibilities,  to 
deduce  the  grand  generalisations  which  unite  and  explain  all  details,  and 
eventually  to  simpUfy  the  science  by  throwing  essentials  into  a  high  light, 
and  enabling  the  student  to  pass  by  matters  of  lesser  importance.  But 
no  amount  of  mathematical  treatment  can  draw  sound  conclusions  from 
careless  or  imperfect  observations,  and  in  Meteorology,  of  all  sciences,  the 
organ-blower  can  compel  the  musician  to  say  "  we  "  instead  of  "  I." 

When  the  Society  was  founded,  and  for  a  good  many  years  afterwards, 
the  most  useful  field  for  its  activity  was  the  establishment  of  well-equipped 
and  carefully  inspected  stations  for  accurate  observations  of  meteorological 
phenomena.  The  system  of  stations  has  now  been  reduced  to  a  routine, 
and  it  has  fallen  into  line  with  the  official  systems  of  all  the  countries 
represented  on  the  International  Meteorological  Committee.  It  no  longer 
requires  the  expenditure  of  original  thought  to  work  it,  and  we  may  even 
imagine  that  the  time  might  come  when  it  would  no  longer  require  the 
fostering  care  of  the  Society  at  all.  It  was  early  understood,  and  has  always 
been  asserted,  that  the  duty  of  the  Society  was  to  take  up  investigations 
in  subjects  otherwise  neglected  which  were  promising  of  good  results. 
Hence  throughout  its  history  Committees  have  been  appointed  for  the 
investigation  of  such  matters  as  thunderstorms,  lightning-conductors, 
wind-force,  and  research  in  the  upper  air.  Personally  I  do  not  like 
Committees  as  agents  of  scientific  work ;  but  some  Committees  are  more 
effective  than  others,  and  those  of  this  Society  have  always  proved 
themselves  to  be  among  the  best  The  natural  function  of  a  Society  in 
the  promotion  of  research  is  to  seek  for  the  most  promising  subjects 
which  remain  in  want  of  special  study,  and,  by  calling  attention  to  them, 
and  encouraging  research,  to  bring  them  prominently  before  the  scientific 
world.  I  believe  it  would  do  most  good  by  enabling  some  individual, 
with  a  natural  bent  for  the  subject^  to  take  it  up  on  his  own  responsibility, 
aided  by  the  suggestions,  guidance,  and  support  of  the  Society.  But 
whether  through  the  exertions  of  an  individual  or  of  a  committee,  if  it 
should  fortunately  prove  that  some  line  of  research  promoted  by  the 
Society  opens  out  a  field  in  which  regular  observations  may  be  carried 
on  for  some  application  to  practical  ends — such  as  weather  forecasting, 
or  the  like — the  Society  should,  in  my  opinion,  be  proud  that  the  field 
it  opened  has  proved  fertile,  and  turn  with  great  encouragement  to  its 
search  for  "  pastures  new." 

It  seems  to  me,  and  I  think  that  the  history  of  our  Society  justifies 
my  view,  that  the  health  of  a  Society  profits  by  avoiding  the  deadly 
weight  of  routine  which  inevitably  burdens  any  institution  devoted  to 
the  detailed  application  of  observations  to  purposes  of  practical  utility, 
and  by  always  retaining  the  power  of  reaching  forward  to  what  is  new. 
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There  should  in  fact  be  constant  moyement  in  a  Society's  work.  The 
free  expansion  of  thought  and  the  unfettered  expression  of  opinion  can 
only  do  good.  Freedom  from  the  trammels  of  public  intervention  or 
academic  control  is  the  most  precious  possession  of  a  Society  like  ours. 
We  are  not  bound  to  be  the  same  to-morrow  as  yesterday  in  our  efforts, 
though  we  can  never  change  our  aim.  I  believe  that  a  specious  error 
ably  propounded  by  an  enthusiast,  and  ruthlessly  exposed  and  confuted 
by  well-directed  criticism,  is  a  more  useful  subject  for  an  evening  meeting 
than  a  commonplace  truth  set  forth  without  conviction,  and  languidly 
received.  The  Fellows  should  more  often  feel  the  spray  of  unknown 
seas  as  the  ship  of  science  plunges  into  a  new  world  of  investigation. 
We  want  our  meetings  to  be  stimulating,  to  suggest  new  ideas,  to  test 
our  own  understanding  even  of  those  statements  that  have  been  repeated 
so  often  as  to  make  us  feel  from  sheer  familiarity  with  the  phrases  that 
we  must  know  all  about  the  subjects.  It  is  no  worthy  ambition  for  our 
Society  to  pursue  the  even  tenour  of  its  way — ^the  air  is  about  us  as  it 
has  always  been,  but  every  year  brings  some  new  mode  of  investigation, 
some  fresh  discovery  which  suggests  a  new  point  of  view,  or  presents  a 
new  instrument  of  research.  To  the  earnest  student  of  Meteorology  the 
highest  purpose  of  the  Society  is  to  promote  discontent  with  present 
knowledge,  and  the  resolve  to  look  again  at  old  familiar  facts  in  every 
new  light  that  dawns.  For  the  observer  who  takes  pleasure,  as  every 
well-regulated  mind  does,  in  recording  the  conditions  of  the  weather  from 
day  to  day,  it  should  be  an  intellectual  treat  to  come  here  and  learn  to 
what  great  uses  his  observations  are  being  put.  To  the  speculating 
theorist  it  should  be  a  help  to  learn  from  experienced  observers  that 
facts  exist  which  contradict  his  views,  or  possibly  that  confirmation  is 
afforded  by  data  which  he  had  overlooked. 

But  freely  as  I  would  admit  all  honest  originality  of  thought,  there 
is  no  room  in  such  a  Society  as  this  for  discussing  the  type  of  ideas, 
usually  of  doubtful  originality,  known  to  the  scientific  man  as  "  paradoxes,'' 
ideas  which  originate  in  satisfied  ignorance  either  of  those  fundamental 
principles  of  physics  on  which  the  whole  science  of  Meteorology  necessarily 
rests,  or  of  those  logical  processes  which  are  required  for  the  very  act  of 
reasoning.  It  is  not  too  much  to  ask  of  any  one  who  yearns  to  propound 
a  new  theory  to  account  for  the  nature  or  the  order  of  any  natural 
phenomenon,  that  he  should  first  make  himself  familiar  with  the  work  of 
those  investigators  who  have  already  grappled  with  the  problem,  and  so 
far  educate  himself  in  the  preliminary  sciences  as  to  understand  some- 
thing of  their  methods  and  results.  Ignorance  of  the  history  of  Meteor- 
ology and  of  the  possibilities  of  Nature  are  at  the  bottom  of  most  of  the 
preposterous  theories  of  cycles  of  weather  whereby  the  showers  and 
breezes  of  every  day  are  predicted  for  all  time,  and  for  those  perennial 
claims  to  regulation  of  the  weather,  bringing  rain  or  dispersing  fog,  that 
every  now  and  again  trouble  and  disappoint  the  oversea  dominions  of 
the  British  Crown  or  the  Mother-country  itself.  An  even  less  excusable 
ignorance,  that  of  the  recorded  weather  of  past  years,  leads  to  such 
absurd  assertions  as  that  the  wireless  telegraphy  installations  in  Cornwall 
in  1903  brought  about  the  very  wet  summer  of  that  year. 

I  wish  to  make  it  clear  that  in  disclaiming  all  sympathy  with 
paradoxers  and  their  methods,  I  do  not  deny  the  possibility  of  long- 
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period  weather  prediction,  nor  the  existence  of  climatic  cycles  or  secular 
change,  nor  the  utility  of  endeavouring  to  find  some  means  of  exercising 
control  over  atmospheric  processes.  I  believe  in  the  possibility  of  them 
aU,  and  think  it  almost  more  foolish  to  assert  that  they  can  never  be 
realised,  than  to  declare  that  they  have  been.  The  scientific  mind  has 
in  these  latter  days  grown  less  dogmatic  in  negation  than  it  was  a 
hundred  years  ago.  In  the  early  part  of  the  nineteenth  century,  the 
transmutation  of  the  elements  was  laughed  at  as  a  vulgar  error,  a  survival 
of  the  ignorant  speculations  of  the  Middle  Ages,  but  now  it  is  seen  to  be 
so  obvious  a  possibility  that  no  chemist  would  be  greatly  surprised  if  its 
accomplishment  were  demonstrated  to-morrow.  So,  even  if  the  desiderata 
of  the  weather  prophets  are,  so  far  as  we  can  see,  still  further  in  the 
offing  than  those  of  the  alchemists,  it  is  not  unreasonable  to  expect  that 
they  may  ultimately  draw  near  with  good  tidings.  Only  they  must  be 
sought  in  the  proper  way,  by  the  careful  investigation  of  the  laws  which 
the  actual  movements  and  processes  of  the  atmosphere  exemplify.  They 
are  perfectly  reasonable  and  proper  subjects  for  pursuit^  though,  to  the 
best  of  my  belief,  the  pursuit  of  most  of  them  will  be  long  and  unhappy 
to  any  one,  who  embarks  upon  it  with  no  more  than  our  present  knowledge 
as  a  guide. 

The  control  of  the  weather,  similarly,  is  not  impossible :  on  a  small 
scale  we  control  it  every  day,  modifying  the  temperature  of  little  detached 
portions  of  the  atmosphere  in  our  houses,  modifying  the  relative  humidity 
of  the  air  of  towns  by  the  water-tight  paving  of  our  streets,  dissipating 
fog  in  our  dwellings  by  drying  and  filtering  the  air,  preventing  frosts  in 
a  garden  or  fruit-farm  by  erecting  coverings  or  spreading  a  pall  of  smoke 
to  check  radiation,  and  relieving  electrical  tension  by  lightning  conductors 
to  prevent  disruptive  discharges.  We  have  heard  in  the  newspapers  of 
the  possibility  of  dispersing  fog  by  electrical  discharges  ;  we  have  felt 
when  passing  in  the  lee  of  a  chimney  whence  steam  is  issuing,  the  artificial 
production  of  rain,  and  I  have  often  been  amused  to  see  umbrellas  raised 
in  the  belief  that  a  shower  was  coming  on.  It  would  be  absurd  to  assert 
that  such  things  familiar  on  a  small  scale  are  impossible  on  a  larger. 
The  question  is  mainly  one  of  scale  and  degree.  From  the  practical 
point  of  view,  it  is  necessary  to  inquire  whether  the  cost  of  dispersing  a 
fog  by  electricity  or  by  filtering  and  warming  the  air  bears  any  reasonable 
proportion  to  the  advantage  to  be  gained  by  applying  the  remedy.  At 
present  I  think  it  does  not,  and  research  on  the  control  of  the  weather 
must  rather  be  directed  towards  finding  a  source  of  energy,  conceivably 
in  the  atmosphere  itself,  which  can  be  controlled  or  diverted  so  as  to 
produce  the  desired  effect.  While  this  is  true  of  one  class  of  efforts  to 
control  weather,  experiments  which  ignore  the  established  laws  of  the 
conservation  and  transformation  of  energy  can  never  succeed  even  by 
accident^  hence  the  failures  of  the  rain-makers  up  to  the  present 

I  wish  to  call  attention  specially  to  two  lines  of  usefulness  which  lie 
open  to  our  Society  at  the  present  time.  One  is  the  correction  of  the 
impulsive  sensationalism  and  anti-scientific  spirit  in  meteorological  matters 
of  a  certain  section  of  the  press  of  this  country  which  no  doubt  faithfully 
reflects  the  somewhat  muddled  ideas  of  that  body  which  I  have  defined 
as  the  careless  public ;  the  other  is  the  advance  which  has  been  made  in 
meteorological  science  during  the  last  few  years  and  the  new  opportunities 
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it  brings.  The  first  indicates  a  practical  service  to  the  public  which  we 
can  render  with  our  present  knowledge,  the  second  points  to  promising 
lines  of  advance  along  which  our  knowledge  may  be  increased.  The 
press  is  fortunately  a  faithful  exponent  of  popular  feeling,  and  it  is 
salutary,  if  sometimes  a  little  depressing,  for  us  to  see  through  this  medium 
the  way  in  which  scientific  matters  are  viewed  by  that  partially  instructed 
person,  "the  man  in  the  street,"  who  too  often  is  one  of  the  careless 
public. 

The  subject  is  important^  and  I  can  illustrate  it  by  one  or  two 
examples  which  have  perhaps  already  passed  from  the  mind  of  the  public, 
but  nevertheless  point  a  moral  which  ought  not  to  be  forgotten.  The 
first  instance,  fresh  in  my  memory,  is  the  attitude  of  some  of  the  residents 
on  the  margin  of  Hampstead  Heath  towards  the  proposed  establishment 
of  a  meteorological  station  on  the  summit  of  that  splendid  open  space. 
The  Hampstead  Scientific  Society,  with  the  publicly  expressed  support 
of  this  Society,  resolved  to  establish  a  second-order  station  on  the  Heath 
after  having  obtained  the  permission  of  the  London  County  Council, 
who  are  the  guardians  of  the  Heath  for  the  public,  to  place  the  instruments 
(and  also  an  astronomical  telescope  in  a  small  observatory)  within 
the  railings  which  surround  the  well-known  flagstaff.  The  public  have 
always  been  excluded  from  this  small  circular  enclosure,  and  I  believe 
it  has  sometimes  been  occupied  by  a  fire-escape,  which  is  probably  both 
higher  and  more  conspicuous  than  the  modest  telescope  shelter.  It  was 
proposed  to  admit  members  of  the  Society  to  take  the  observations  twice 
daily,  and,  with  certain  restrictions,  members  of  the  public  were  to  have 
access  by  arrangement  to  the  telescope  at  night.  As  soon  as  this 
proposal  became  known  a  few  of  the  residents  in  houses  looking  out  on 
the  Heath  attacked  it  bitterly.  They  pointed  out  that  they  had 
subscribed  money  to  purchase  portions  of  the  Heath  and  to  dedicate 
them  to  the  recreation  and  amusement  of  the  people;  and  they  dreaded 
the  creation  of  a  privileged  class  trampling  on  public  rights  if  the 
Scientific  Society  were  allowed  to  have  occasional  access  to  the  enclosure 
at  present  closed  to  every  one.  They  shuddered  at  the  disfigurement 
which  the  unsightly  instruments  would  introduce  into  the  view  from  their 
windows,  some  I  fear  even  chuckled  over  the  suggestion  which  they 
threw  out  to  the  Bank  holiday  revellers  to  use  the  sunshine  recorder  as 
a  target  for  stone-throwing:  they  discovered  that  the  County  Council 
had  no  authority  to  sanction  erections  on  the  Heath,  and  they  declared 
that  they  would  not  have  the  instruments  there.  The  County 
Council  closed  the  controversy  by  withdrawing  its  permission.  The  little 
episode  is  worthy  of  an  earlier  century.  Curiously  enough  there  is  in 
the  Gk)lders  Green  grounds  close  to  the  Heath,  and  similarly  dedicated 
to  the  public,  a  set  of  meteorological  instruments  which  illustrates  almost 
every  possible  error  of  exposure — the  rain-gauge  on  a  narrow  frame 
10  feet  high,  the  thermometers  under  glass  facing  the  reflected  glare  of 
sunlight  from  the  panes  of  a  conservatory — and  no  objection  is  taken  to 
it,  though  it  is  far  more  conspicuous  than  a  second-order  station,  and 
absolutely  misleading  to  the  public  who  consult  its  records  as  an  indication 
of  the  state  of  the  weather.  No  public  objection  has  been  taken  so  far 
as  I  know  to  the  presence  in  some  of  the  parks  under  the  control  of  the 
County  Council  of  rain-gauges  of  a  type  and  set  in  a  position  which 
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make  it  unlikely  that  they  should  yield  correct  records.  Fortunately 
there  is  a  prospect  of  a  piece  of  ground  being  found  under  the  control 
of  an  enlightened  public  body  in  close  proximity  to  Hampstead  Heath, 
and  there  I  hope  that  the  Hampstead  Scientific  Society  will  before  long 
be  able  to  carry  out  its  excellent  intentions.  Had  the  observations 
been  intended  in  any  way  for  private  gain  or  even  for  private  enjoyment, 
the  objection  taken  would  of  course  have  been  perfectly  sound  ;  and  I  do 
not  doubt  that  some  of  the  opponents  acted  from  disinterested  motives. 
Nevertheless,  while  it  is  difficult  to  the  verge  of  impossibility  to  raise  from 
the  general  public  a  few  hundred  pounds  for  a  scientific  object,  the 
project  of  a  trustworthy  station  to  be  erected  on  public  ground  drew 
forth  the  promise  of  practically  unlimited  funds  to  be  expended  in 
opposition. 

I  could  adduce  other  remarkable  examples  of  the  way  in  which  the 
acquisition  of  meteorological  data  by  public  bodies  has  been  hampered 
and  even  prohibited  by  another  public  body  of  higher  degree ;  these 
have  not  become  public,  however,  and  I  will  not  proclaim  them,  because 
of  the  deserved  censure  it  would  bring  on  institutions  which  we  justly 
honour,  on  other  grounds,  from  the  people  of  countries  where  Science  is 
more  sedulously  fostered  by  those  in  authority  than  it  is  with  us. 

I  must  allude  more  explicitly  to  a  subject  of  a  somewhat  delicate 
nature,  which  is  tending  towards  the  public  discredit  of  Meteorology. 
This  concerns  the  popular  errors  current  regarding  published  weather 
records,  and  the  effect  of  these  on  the  meteorological  departments  main- 
tained by  many  municipalities.  There  seem  to  be  popular  notions  that 
(1)  sunshine  is  good;  (2)  rain  is  bad;  (3)  cold  is  bad;  (4)  dryness  is 
good ;  (5)  heat  is  good ;  and  (6)  to  be  above  the  local  average  in  the 
"  bad "  elements,  or  below  it  in  the  "  good,"  is  a  disgrace  never  to  be 
acknowledged  if  it  is  possible  to  avoid  it.  So  much  is  this  the  case, 
that  I  have  heard  of  ijistances  of  reports  being  suppressed  in  order  to 
obviate  misconception,  and  of  instruments  being  moved  in  order  to 
obtain  more  agreeable  records.  I  will  mention  no  names,  for  it  may  be 
that  repentance  will  come,  and  those  who  feel  my  criticism  touch  them 
need  not  be  known  unless  they  speak.  In  one  instance,  the  grass 
minimum  temperatures  taken  at  a  municipal  observatory  were  not 
published  in  case  they  might  give  the  public  a  false  impression  of  the 
climate;  in  one  instance  a  municipal  observer  was  instructed  by  his 
Council  to  endeavour  to  find  a  site  for  the  rain-gauge  where  the 
record  would  harmonise  better  with  the  low  rainfall  which  was  believed 
to  prevail;  in  one  instance  a  recording  rain-gauge  was  set  up  not  in 
order  to  find  out  how  and  when  the  rain  fell,  but  to  prove  that  most 
of  it  fell  at  night  and  only  a  little  during  the  day.  In  one  instance,  a 
local  Council  held  a  discussion  as  to  whether  a  photographic  sunshine 
recorder  should  be  procured  to  register  more  hours  of  sunshine  than  the 
Campbell-Stokes  pattern  hitherto  in  use ;  in  that  case  the  new  recorder 
was  established  and  recorded  not  a  greater  but  a  smaller  duration  than 
the  standard  instrument ! 

The  fallacy  underlying  these  and  many  other  attempts  at  the 
suppression  of  truth,  or  the  su^estion  that  accurate  records  are  mis- 
leading, is  that  the  healthfulness  or  pleasurableness  of  the  climate  of 
a  place  is  determined  by  instrumental  readings,  or  rather  by  popular 


Digitized  by 


Google 


72  MILIr— SOME  AIMS  AND  EFFORTS  OF  THE  SOCIETY 

opinion  regarding  them.  Most  of  the  favourite  resorts  in  this  country 
were  discovered  before  instrumental  meteorology  was  established,  and 
they  derived  their  reputation  from  the  experience  of  visitors,  not  from 
tables  of  temperature,  rainfall  or  sunshine.  Thus  the  instrumental 
records  tell  us  only  what  conditions  exist  in  these  pleasant  places,  and 
if  we  find  that  the  records  show  a  high  rainfall,  great  extremes  of 
temperature  and  little  sunshine,  they  simply  prove  that  those  facts  are 
powerless  to  affect  adversely  the  health  or  pleasure  of  those  who  have 
found  the  place  agreeable ;  although,  of  course,  they  also  suggest  that 
other  places  yielding  similar  instrumental  results  may  be  healthful  and 
pleasant  also. 

In  this  country  we  can  hardly  have  too  much  sunshine ;  but  if  high 
sunshine  happens  to  be  accompanied  by,  let  us  say,  exposure  to  cold 
East  winds,  at  the  seasons  when  East  winds  blow,  it  may  be  that  a  cloudier 
spot  with  shelter  from  those  winds  is  possessed  on  the  whole  of  the 
more  desirable  climate,  at  least  during  certain  months.  That  there 
should  be  an  objection  in  the  popular  mind  to  a  place  where  there  is 
a  great  range  of  temperature  is  merely  a  proof  of  ignorance,  for  no 
temperature  ever  likely  to  be  experienced  in  this  country  is  so  low  as 
to  be  otherwise  than  exhilarating  when  the  air  is  dry,  and  great  extremes 
of  temperature  rarely  occur  when  it  is  not  The  dread  of  the  popular 
fear  of  low  temperature  leading  to  a  wrong  view  of  climate  is  developed 
in  a  morbid  degree  in  Canada,  and  the  dread  of  a  similar  misconception 
from  high  temperature  occurs  in  some  parts  of  Australia.  I  have  been 
rebuked  by  both  Canadians  and  Austrsilians  for  publishing  the  text  of 
observations  without  a  sermon  on  the  superiority  of  the  climates  which 
they  feared  the  ignorant  might  misunderstand.  Humidity  has  more 
to  do  with  the  feeling  of  comfort  or  discomfort  than  temperature ;  but 
there  are  few  statistics  of  relative  humidity  of  any  real  value  available 
for  comparative  purposes.  The  comparison  of  relative  humidities  at 
9  a. m.  or  9  p.m.,  or  the  mean  of  both,  is  most  unsatisfactory,  as  those 
hours  fail  to  take  account  of  the  great  diurnal  range  of  this  element, 
and  there  are  not  many  stations  where  observations  are  taken  at  an 
afternoon  hour,  or  where  a  recording  hygrometer  is  employed.  The 
attempt  to  get  an  instrumental  measure  of  the  combined  effect  of 
warmth  and  moisture  as  it  affects  sensation  has  hitherto  failed,  and 
although  such  terms  as  "close,"  "relaxing,"  "bracing"  have  arisen  to 
express  differences  which  we  can  all  feel,  it  is  very  difficult  to  estimate 
the  degree  of  that  feeling  quantitatively.  The  courageous  effort 
made  by  one  of  our  Fellows,  Mr.  W.  F.  Tyler,  to  estimate  hyther  (the 
hy^othermsX  condition),  while  showing  that  one  observer  may  succeed 
in  establishing  a  scale  of  sensations  similar  in  practice  to  the  Beaufort 
scale  of  wind-force,  does  not  establish  the  comparability  of  the  estimates 
of  different  observers,  and  there  is  good  reason  to  believe  that  the 
power  of  discriminating  degrees  of  sensation  differs  widely  in  different 
individuals. 

The  popular  fallacy  about  climate  which  appeals  to  me  as  one  of 
the  worst,  so  far  as  this  country  is  concerned,  is  that  a  low  rainfall  is 
necessarily  a  thing  to  be  desired  and  a  high  rainfall  always  a  thing  to 
be  deplored.  No  doubt,  wet  days  during  a  holiday  are  uncomfortable 
until  one  gets  used  to  them,  but  from  the  point  of  view  of  public  health 
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dust  and  not  rain  is  now  recognised  as  the  enemy.  A  rainy  month  in 
a  large  town  is  usually  a  healthy  month,  and  by  the  advance  of  modern 
bacteriology,  great  stress  is  once  more  being  laid  on  the  immense  value 
of  rain  as  a  purifying  agent  in  the  atmosphere,  by  carrying  away  the 
fine  dost  which  consists  in  part  of  noxious  micro-organisms,  the  germs 
of  disease.  It  appears  as  if  it  might  almost  be  said  that  places  with 
low  rainfall  are  healthful  in  spite  of  that  fact  rather  than  because  of  it. 
I  can  add,  as  the  result  of  my  own  observation,  that  in  places  where 
the  rainfall  is  normally  high,  a  dry  day  reveals  a  beauty  in  colouring 
and  a  transparency  in  distant  views  of  mountain  or  sea,  that  are  never 
approached  in  the  more  dust-charged  air  of  localities  where  the  rainfall 
is  normally  low.  Again,  it  does  not  follow  that  a  place  of  high  rainfall 
is  necessarily  a  damp  place,  nor  a  place  of  low  rainfall  dry.  Much 
depends  on  the  slope  of  the  land  and  on  the  nature  of  the  soil.  In 
mountainous  country,  or  on  limestone  or  sand,  whether  steep  or  flat^ 
even  a  high  rainfall  quickly  disappears  from  the  surface,  leaving  the  air 
dry,  while  in  a  level  fen  with  clay  subsoil  the  marshy  surface  holds 
water  for  months,  and  keeps  the  surface  air  charged  with  water  vapour, 
though  the  rainfall  may  not  greatly  exceed  twenty  inches  per  annum. 
The  exquisite  beauty  of  a  fine  day  in  the  Lake  District,  the  West 
Highlands,  or  the  west  of  Ireland,  is  unapproachable  in  any  part  of  the 
country  where  there  is  a  low  rainfall,  and  where  the  air  is  scarcely  ever 
purged  of  the  finer  dust  which  floats  for  weeks  and  dims  all  distant 
views.  True,  the  fine  days  are  fewer,  but  the  duration  of  rainfall  is  not 
greater  in  the  same  proportion  as  the  amount.  Theoretically,  we  should 
expect  that  the  rain-drops  would  be  larger  and  the  showers  heavier  and 
shorter  in  places  where  the  air  is  more  free  from  dust  particles,  than  in 
those  where  a  low  rainfall  leaves  the  air  comparatively  heavily  loaded 
with  solid  matter. 

It  ought  to  be  pointed  out  that  the  climate  of  a  place  as  recorded  by 
instruments  may  have  a  very  narrow  meaning.  The  readings  of  most 
instruments  would  differ  widely  between  a  station  on  the  seashore  facing 
south  with  an  amphitheatre  of  white  cliffs  rising  immediately  behind, 
and  a  station  on  the  top  of  a  down  500  feet  above  sea-level  open  to  all 
the  winds  that  blow,  though  the  two  stations  might  be  less  than  a  mile 
apart.  The  climate  of  the  place  is  represented  badly  by  one  or  the 
other ;  to  do  it  justice  reference  must  be  made  to  both.  Yet  there  are 
people,  shrewd  enough  in  ordinary  affairs,  who  suppose  that  if  different 
records  can  be  obtained  from  two  points  within  a  particular  area,  it  is 
right  to  select  the  one  which  would  yield  results  the  more  pleasing  to  the 
most  ignorant  members  of  the  public,  whose  gauge  of  climate  is  largely 
prejudice.  We  do  not  want  less  instrumental  observations,  but  more. 
If  I  were  consulted  by  a  public  body  as  to  the  duty  of  a  borough 
meteorologist,  I  should  say  that  it  was  to  investigate  the  climate  of  the 
borough,  not  that  of  one  little  plot  of  ground.  A  great  deal  could  be 
done  in  this  direction  by  having  one  fully-equipped  station  of  the  second 
order  (in  deference  to  popular  carelessness  which  confuses  second-order 
with  second  class,  it  has  been  proposed  to  change  the  international 
designation  of  stations)  and  several  supplementary  stations  in  localities 
carefully  chosen  to  represent  the  different  physical  divisions  of  the  area, 
each  equipped  with  a  rain-gauge,  maximum  and  minimum  thermometer, 
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and  a  grass  radiation  thermometer.  It  would  be  easy  for  one  observer 
to  make  all  the  necessary  readings  in  succession,  before  or  after  the  fall 
series  of  observations  at  the  main  station.  The  necessity  for  reading 
punctually  at  9  a.m.  and  9  p.m.  is  not  so  great  for  maximum  and 
minimum  registering  instruments  as  for  those  involving  direct  reading  ; 
but  whenever  it  can  be  arranged  it  would  be  advisable  to  provide  for  the 
bottles  in  all  the  rain-gauges  being  changed  at  9  a.m.  when  rain  is  falling 
at  thai  hour,  the  contents  could  then  be  measured  by  the  meteorologist  on 
his  arrival.  If  some  such  course  were  adopted,  it  would  probably  often 
be  found  that  within  the  municipal  boundaries  there  were  differences  of 
local  climate  due  to  different  exposures  as  great  as  some  of  those  which 
give  rise  to  a  lively  rivalry  between  town  and  town. 

When  the  honour  of  a  town  begins  to  be  involved  in  its  maintaining 
a  lead  in  a  certain  element  of  climate,  the  honour  of  the  local  observer 
is  apt  to  be  subjected  to  a  strain  too  heavy  to  be  compatible  with  that 
equable  mind  which  is  necessary  to  good  observing.  While  an  observer 
with  more  zeal  than  conscience  would  be  tempted  to  give  the  desired 
direction  the  preference  in  case  of  doubt,  the  opposite  effect  might  be 
produced  in  an  observer  whose  zeal  and  conscience  were  equally  developed. 
In  either  case  the  result  is  unsatisfactory.  A  strain  of  this  sort  is  only 
produced  by  the  reflex  action  of  popular  ignorance,  and  it  is  one  of  our 
chief  functions,  as  a  Society,  to  spread  enlightenment  on  these  matters. 

At  a  very  early  period  in  our  history,  in  fact  at  the  foundation  of 
this  Society,  before  the  Meteorological  Office  took  up  the  Meteorology  of 
the  land,  we  started  with  the  object  of  establishing  stations  equipped  with 
accurate  instruments,  and  following  uniform  methods  which  should  eluci- 
date the  climatology  of  England  and  Wales.  Our  quarterly  Meteorological 
Eecat'd  shows  how  much  has  been  done  in  this  way  since,  and  Mr.  Bayard's 
discussion  of  the  accumulated  data  has  deduced  from  them  many  valuable 
results.  It  may  be  that  the  time  has  come  now  to  move  onward,  to 
take  additional  steps  which  may  possibly  prove  as  difficult  now  as  the 
initial  steps  were  half  a  century  ago,  but  which  should  certainly  not  be 
more  difficult.  One  of  these  steps  might  well  be  to  secure  new  stations 
in  the  large  areas  of  England  and  Wales  where  there  are  none  at  present^ 
so  as  to  obtain  a  nearly  equidistant  distribution  of  second-order  stations 
over  the  country,  and  to  increase  the  equipment  of  all  stations  by  the 
addition  of  a  sunshine  recorder  where  that  does  not  already  exist. 
Another  important  step  would  be  to  secure  an  afternoon  reading  of  the 
wet  and  dry  bulb  thermometers  so  as  to  arrive  at  a  more  definite 
knowledge  of  the  variations  in  relative  humidity  both  in  time  and  space. 

With  this  double  purpose  before  us,  the  perfecting  of  the  system  of 
climatological  stations  on  the  one  hand,  and  the  spread  of  meteorological 
information  on  the  other,  we  as  a  Society  may  hope  to  do  a  good  deal 
towards  the  correction  of  the  popular  errors  that  still  remain  on  the 
question  of  climate,  and  the  careless  modes  of  thought  regarding 
meteorological  matters.  The  efforts  made  by,  means  of  exhibiting  a 
model  observing  station  at  Agricultural  Shows  and  the  gatherings  of 
popular  scientific  societies,  and  the  work  of  the  Society's  Lecturer  have 
not  been  without  result,  and  have  helped  in  bringing  about  the  improving 
tone  which  is  now  apparent.  The  daily  and  weekly  press  in  most  cases 
is  intelligent  and  careful  in  its  treatment  of  weather  news.     While  a  few 
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papers  still  show  regrettable  credulity,  or  perhaps  only  carelessness,  in 
putting  forward  the  claims  of  paradoxers,  and  a  few  are  over-anxious  to 
announce  that  the  weather  of  the  moment  is  the  worst  or  best  in  human 
memory,  they  all  give  prominence  to  accurate  data  when  these  can  be 
secured.  I  am  more  struck  every  year  as  I  examine  the  thousands  of 
cuttings  which  reach  me  with  the  wonderful  skill  of  journalists  in  avoid- 
ing innumerable  pitfalls  which  beset  the  general  writer  when  he  enten 
on  special  matters,  and  with  the  really  remarkable  accuracy  with  which 
large  numbers  of  figures  are  quoted.  It  is  in  no  way  an  aspersion  on  the 
high  character  of  British  journalism,  but  a  compliment  to  it,  when  I  say 
that  the  papers  show  a  failure  on  the  part  of  the  general  public  to 
recognise  that  the  study  of  the  weather  is  a  branch  of  Science.  A 
successful  experiment  in  the  classification  of  news  items  has  been  made 
in  7%€  Times,  and  it  is  interesting  for  a  man  of  science  to  see  Science 
lodged  in  one  compartment  with  Art,  Music,  and  Drama.  It  is  somewhat 
humiliating  to  a  Meteorologist  to  find  that  even  the  enlightened  public 
to  which  The  Times  appeals  (which  probably  contains  a  larger  proportion 
of  "  persons  interested ''  than  is  to  be  found  amongst  the  readers  of  most 
newspapers)  considers  Weather  an  outcast  from  this  select  company,  and 
most  nearly  akin  to  Shipping  and  Mails.  We  may  be  sure  that  this 
classification  would  not  be  repeated  day  after  day  unless  the  majority  of 
readers  felt  it  to  be  appropriate.  We  need  not  blame  the  public 
altogether  for  this  view,  for  some  men  of  Science  whose  special  studies 
are  too  absorbing,  have  a  tendency  to  look  on  Meteorology  as  a  very  poor 
and  distant  relation  of  the  august  family  of  sciences.  Public  and  even 
scientific  opinion  does  not  yet  see  the  anomaly  of  the  absence  of  an 
official  representative  of  this  Society  on  the  Boards  of  Visitors  of  the 
Greenwich  and  Kew  Observatories,  on  which  similar  Societies  associated 
with  other  branches  of  their  work  are  represented,  and  the  British  Associa- 
tion will  not  allow  the  claim  of  Meteorology  to  have  even  a  sub-section 
of  its  own  in  the  annual  meetings  "  for  the  advancement  of  Science." 

I  have  said  on  another  occasion  that  our  Society  has  been  too  modest 
in  its  estimate  of  its  own  importance  as  regards  the  public.  As  the 
oldest^  the  most  active,  and  by  far  the  largest  Meteorological  Society  in 
the  world,  possessing  an  absolutely  unique  and  almost  complete  Library 
and  Bibliography  of  Meteorological  Literature,  it  should  by  this  time 
have  impressed  its  individuality  upon  the  public  of  this  country,  as  it  has 
long  since  done  on  the  scientific  world  beyond  our  shores.  It  requires 
to  be  better  known  in  order  to  be  better  understood,  and  as  it  becomes 
better  known  and  its  FeUowship  increases,  its  work  will  doubtless  con- 
tinue to  improve  with  a  growing  acceleration,  and  the  circulation  of  fresh 
blood  in  the  Council  cannot  fail  to  enlist  the  fuller  co-operation  of  all  that 
is  wise  and  strong  and  active  amongst  the  students  of  the  ways  of  the  air. 

I  have  said  so  much  on  the  function  of  our  Society  in  informing  the 
public,  and  in  spreading  just  views  of  climate  and  proper  methods  of 
considering  weather,  that  little  time  is  left  for  the  second  part  of  the 
subject — Our  place  with  regard  to  recent  progress  and  future  advance  in 
the  study  of  Meteorology.  We  stand  at  a  very  important  point  in  the 
history  of  Meteorology,  which  bids  fair  to  expand  in  interest  and 
importance  in  the  twentieth  century  as  Chemistry  did  in  the  nineteenth, 
and  from  the  same  cause — ^the  increasing  necessity  of  applying  its  principles 
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to  practical  ends.  It  is  plain  that  the  standpoint  of  the  meteorologist' 
to-day  is  different  from  that  of  fifty  or  even  of  twenty  years  ago.  Then 
the  only  department  in  which  much  general  interest  could  be  expected, 
or  intelligent  co-operation  secured  was  Climatology,  the  study  of  the 
average  conditions  of  the  atmosphere  at  different  places.  Much  remains 
to  be  done  in  that  department ;  but  the  main  interest  is  being  diverted 
from  the  stratum  of  air  four  feet  above  the  ground,  on  the  study  of  which 
Climatology  has  been  based,  to  the  vast  expanses  of  the  upper  atmosphere 
miles  above  the  abode  of  man. 

It  has  always  been  found  that  the  satisfaction  of  the  claims  of 
practical  utility  has  reacted  powerfully  on  scientific  research.  I  had 
occasion  a  year  ago  to  refer  to  the  important  practical  applications  of  a 
knowledge  of  rainfall,  and  our  present  knowledge  of  rainfall  is  to  a  large 
extent  the  result  of  the  reaction  of  those  applications.  The  science  of 
Oceanogi*aphy  languished  when  only  the  surface  of  the  oceans  was  utilised 
by  mariners,  but  it  shot  ahead  as  soon  as  the  necessities  of  cable-laying 
made  exploration  of  the  depths  of  the  ocean  a  thing  of  practical  moment. 
The  work  did  not  stop  short  when  the  requirements  of  cable-laying  were 
exhausted ;  but  cable-laying  furnished  the  opportunity  for  renewed  and 
extended  research  which  has  altered  our  conceptions  of  the  economy  of 
the  ocean  in  Nature.  The  analogies  between  Oceanography  and  the 
Meteorology  of  the  Upper  Air  are  curiously  close.  In  both,  records  have 
to  be  obtained  by  specially  devised  apparatus  from  a  region  beyond  the 
reach  of  human  life,  and  the  special  instruments  devised  by  Mr.  Dines 
for  kite- work  equal  in  the  ingenuity  of  their  adaptation  any  of  those 
designed  for  oceanic  exploration.  In  both,  information  regarding  vast 
areas  and  volumes  must  be  gathered  from  a  small  number  of  soundings 
which  are  often  far  from  vertical  There  is  one  fundamental  difference 
between  the  two  which  tells  in  favour  of  the  advancement  of  theoretical 
Meteorology  by  research  in  the  upper  air.  In  the  depths  of  the  ocean 
the  circulation  of  the  water  and  the  propagation  of  heat  throughout  the 
mass  is  controlled  by  the  solid  walls  of  the  hollows  of  the  Earth's  crust 
in  which  it  lies,  and  the  characteristics  of  fiuid  motion  are  most  freely 
developed  at  the  surface  where  they  are  most  easily  observed.  In  the 
atmosphere  we  ourselves  live  at  the  bottom  where  the  influence  of  the 
solid  land  and  the  liquid  ocean  acts  as  a  disturbance  or  control  of  the  free 
movements  of  the  air.  Climate — the  condition  at  the  bottom — cleaves 
to  the  Earth,  and  belongs  as  much  to  Geography  as  to  Meteorology.  In 
the  upper  air  the  laws  of  gaseous  motion  have  free  play,  being  almost 
entirely  withdrawn  from  the  distorting  drag  of  the  Earth's  superficial 
inequalities.  The  higher  a  kite  or  balloon  ascends  the  simpler  do  the 
conditions  become,  and  the  more  completely  do  theoretical  laws  apply  to 
the  actual  state  of  matters.  Geography  is  dropped  altogether,  and  the 
Meteorology  of  the  Upper  Air  belongs  more  and  more  to  the  domain  of 
pure  physics.  The  physicist  has  done  a  great  deal  towards  the  exploration 
of  the  free  air,  and  our  Society  has  been  foremost  in  assisting  the  work ; 
but,  notwithstanding  this,  the  great  stimulus  will  come  from  the  practical 
side.  The  past  year  has  seen  the  possibility  of  aerial  navigation  fully 
established  by  the  splendid  achievement  of  Count  Zeppelin  and  Mr. 
Wilbur  Wright.  In  a  few  years  the  "airy  navies  grappling  in  the 
central  blue,"  foreseen  by  the  poet  half  a  century  ago,  laughed  at  by 
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caricaturists  a  hundred  years  since,^  will  demand  a  far  more  exact 
knowledge  than  is  now  required  of  atmospheric  circulation,  of  the  relation 
of  wind  to  gradient,  of  the  formation  and  dispersal  of  cloud,  of  the 
disturbing  influence  of  insolation  on  pressure,  of  the  nature  and  movements 
of  atmospheric  eddies  and  currents,  and  these  things  becoming  of  practical 
importance  it  will  become  worth  the  while  of  wealthy  people  to  find  the 
means  for  studying  them. 

At  the  commencement  of  an  era  in  the  study  of  the  air  which  is 
certain  to  cause  Meteorology  to  leap  forward  in  public  importance  and  in 
popular  esteem,  this  Society  will  not  allow  itself  to  be  left  behind ;  and  I 
have  little  doubt  that  by  enlarging  its  views,  which  are  not  narrow,  and 
adapting  its  methods,  which  are  flexible,  to  the  new  requirements  as  they 
appear,  it  will  continue  to  be  the  meeting -place  of  those  engaged  in 
advancing  Meteorology  by  research,  and  of  those  who  take  interest  in 
the  advances  and  like  to  be  in  the  forefront  of  expanding  thought.  Our 
great  Library,  were  it  only  more  worthily  housed,  should  be  the  head- 
quarters of  all  literary  work  in  Meteorology.  I  think  that  in  almost  all 
original  papers  on  meteorological,  and  especially  on  climatological,  research 
the  references  to  earlier  work  on  the  same  subject  are  too  vague  and  few, 
making  it  difficult  to  estimate  the  proper  place  of  new  work  in  the 
historical  development  of  the  subject  It  is  possible  that  if  we  made 
ourselves  better  acquainted  with  the  work  of  others  we  would  write  less ; 
but  we  should  certainly  write  better,  and  on  more  useful  subjects.  A 
good  many  papers  read  at  this  Society  are  incidental,  that  is,  they  deal 
with  important  incidents,  such  as  a  particular  storm,  a  season  of  drought, 
or  a  prolonged  frost,  and  as  records  such  papers,  when  carefully  compiled, 
have  a  real,  though  limited,  value ;  but  when  these  incidents  are  attached 
to  similar  incidents  in  the  past,  of  which  abundant  records  are  preserved, 
the  value  is  enhanced  by  the  introduction  of  comparisons  which  may 
prove  useful  in  many  ways.  Similarly  with  regard  to  the  numerous 
papers  recently  published  in  the  Quarterly  Journal  on  investigations  in 
the  upper  air,  most  of  them  would  be  improved  by  notes  on  earlier  work, 
and  by  a  statement  as  to  how  far  the  results  obtained  fit  in  with  previous 
knowledge,  and  in  what  points  they  supplement  it.  The  means  for  doing 
this  are  before  us  in  the  Library. 

The  Society  has  a  place  of  its  own  and  a  purpose  of  its  own  in  the 
scientific  world,  and  it  deserves  to  have  a  home  of  its  own  provided  by 
the  nation,  as  much  as  any  of  the  Societies  accommodated  in  Burlington 
House.  But  though  able  to  stand  alone  in  its  independence,  the 
individuality  of  our  Society  enables  it  to  cultivate  the  closest  relations 
with  other  bodies  following  kindred  pursuits  without  rivalry  save  in 
mutual  helpfulness.  We  live  on  the  best  of  terms  with  our  sister  Society 
in  Edinburgh,  and  admire  the  courage  and  success  with  which  it  has 
faced  the  position  created  by  the  death  of  Dr.  Buchan,  who  had  been 
its  life  and  soul  for  a  generation.  The  reciprocal  relations  of  the  Society 
and  the  organisation  of  voluntary  rainfall  observers  in  the  British  Isles 
have  always  been  intimate  and  cordial.  These  three  are  joined^  in  unity 
of  poverty ;  but  good  relations  prevail  no  less  with  the  Meteorological 

^  See  reproduction  of  a  French  print  of  1804  entitled  "  Divers  projets  snr  la  descente  en 
Angleterre,"  frontispiece  to  Symona^s  Met,  Mag,  43  (1908). 
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Office,  which  spends  the  annual  parliamentary  grant  for  the  acquisition, 
as  well  as  for  the  application,  of  meteorological  knowledge.  We  shall 
henceforth  also  have  much  in  common  with  the  University  Lecturers  in 
Meteorology,  which  the  munificence  of  Professor  Schuster  has  established 
in  Manchester  and  Cambridge.  Societies  devoted  to  the  theoretical 
and  practical  aspects  of  aeronautics  will,  we  believe,  find  more  to  interest 
them  in  our  work,  and  give  us  more  hints  as  to  the  direction  which 
meteorological  research  should  take,  with  every  year  that  passes. 

We  are  proud  of  the  position  which  the  Meteorological  Office  has 
taken  in  the  scientific  world,  and  of  the  high  recognition  its  Director 
has  received  on  the  part  of  the  International  Meteorological  (Committee. 
The  public  has  learned  from  Dr.  Shaw's  address  to  Section  A  of  the 
British  Association  at  Dublin,  a  great  deal  regarding  the  more  important 
scientific  results  which  it  has  achieved,  and  although  the  history  of 
those 

....  argosies  of  magio  sails, 
Heralds  of  the  purple  twilight  dropping  down  with  costly  bales, 

which  have  alighted  at  63  Victoria  Street,  left  no  time  to  refer 
in  that  Address  to  the  other  meteorological  agencies  of  the  country, 
I  think  it  right  to  call  attention  here  to  the  importance  attached 
by  the  Meteorological  Office  to  mutual  co-operation.  The  new  edition 
of  the  official  Observer's  Handbook  will  be  issued  with  a  statement  on  the 
title-page  that  it  is  "approved  for  the  use  of  observers  by  the  Royal 
Meteorological  Society,  the  Scottish  Meteorological  Society,  and  the 
British  Eainfall  Organisation."  Some  of  the  rules  for  observers  and 
specifications  of  instruments  embodied  in  that  work  have  been  elaborated 
by  this  Society,  and  it  is  satisfactory,  though  of  course  not  surprising, 
to  find  them  incorporated  with  the  rules  securing  international  uniformity. 
I  need  hardly  say  that  the  eminently  practical  Hints  to  Meteorological 
Observers,  prepared  by  Mr.  Marriott,  with  the  sanction  of  the  Council, 
is  not  superseded ;  indeed,  expressing,  as  it  does,  more  than  half  a 
century's  experience  of  the  needs  of  English  observers,  it  must  continue 
to  meet  the  want  which  the  ordinary  observer  feels  of  simply-worded 
and  adequate  instructions. 

Mutual  cooperation  between  the  various  organisations  which  have 
a  common  interest  in  Meteorology  must  do  good  to  the  cause  we  have 
at  heart,  and  it  is  to  be  hoped  that  it  will  not  be  confined  to  the 
Observer's  Handbook.  The  saving  which  can  be  effected  by  preventing 
overlapping  in  the  publication  of  statistics  has  often  been  pointed  out 
and  is  fully  understood,  though  of  course  it  takes  some  time  to  adjust 
details  in  order  that  the  mutual  advantages  may  be  balanced  so  accurately 
as  to  secure  unanimous  approval. 

It  has  been  said  that  Science  knows  no  political  boundaries,  and 
this  is  true  in  the  sense  that  we  cannot  ignore  scientific  work  done  in 
other  countries,  and  published  in  other  languages,  simply  because  they 
are  foreign  to  us.  But  there  is  another  sense  in  which  we  may  say 
that  Science  is  not  independent  of  political  boundaries,  for  all  civilised 
peoples  must  recognise  the  responsibility  laid  upon  them  to  study  the 
conditions  and  resources  of  their  own  country  themselves,  instead  of 
waiting  for  some  more  intelligent  foreigner  to  do  it  for  them.  Thus 
while  we  recognise  the  brotherhood   of  mankind    by  the  creation  of 
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International  Meteorological  Conferences  and  Committees  to  ensure 
the  study  of  Meteorology  by  uniform  methods  in  all  countries,  we  also 
realise  the  responsibility  which  rests  on  each  country  of  seeing  that  the 
work  is  carried  out  thoroughly  there.  It  would  strengthen  the  hands 
of  the  meteorological  observers  in  many  British  colonies,  who  are  often 
inadequately  supported  and  little  considered  by  the  local  governments, 
or  by  the  Colonial  Office,  if  there  were  some  form  of  co-operation  with 
the  Mother  Country  officially  recognised  and  sympathetically  carried 
out  Efforts  in  this  direction  were  made  some  years  ago  by  a  Committee 
of  the  British  Association,  and  although  they  have  not  yet  had  much 
result,  it  is  to  be  hoped  that  the  matter  will  not  be  allowed  to  drop. 
We  had  hoped  that  a  great  step  forward  would  have  been  taken  at  the 
Conference  called  together  by  the  Royal  Society  of  Canada  last  July, 
but  the  meeting  was  postponed.  The  highly  developed  meteorological 
system  of  India^  the  extremely  active  service  organised  by  Captain 
Lyons  in  the  Sudan,  the  newly  unified  Australian  system,  the  federal 
system  of  Canada,  and  the  South  African  systems,  which  we  hope  soon 
to  see  unified  also,  are  for  the  most  part  prosperous  enough  to  stand 
alone  for  local  purposes ;  but  the  tropical  colonies  of  Africa,  Mauritius, 
the  small  Atlantic  colonies,  and  the  West  Indies  are  much  in  need  of 
some  fostering  care,  and  if  they  could  be  included  with  the  larger 
systems  in  an  Imperial  Meteorological  Institute,  Science  would  gain  as 
much  as  the  individual  countries  themselves.  We  like  to  look  forward 
to  a  day  when,  in  some  great  central  building  in  London,  all  the  meteoro- 
logical agencies  of  the  British  Isles,  and  a  central  department  for  the 
Empire,  would  dwell  together  in  co-operative  independence ;  and  I  like 
to  think  that  with  the  exercise  of  the  principle  of  mutual  concession, 
which  has  been  successful  hitherto,  this  splendid  dream  might  ultimately 
be  realised. 

The  aims  of  Meteorology  and  of  the  Royal  Meteorological  Society 
are,  I  repeat,  not  narrow,  but  as  all-embracing  as  the  atmosphere  itself, 
and  the  efforts  to  fulfil  those  aims  should  be  no  less  strenuous  now 
than  in  the  enthusiastic  days  when  the  Society  was  young. 


Meteorology  at  Harvard  University. 

Pro£  R  De  C.  Ward,  in  a  paper  in  the  Journal  of  Geography  for  January 
1909,  says  that  meteorology  as  taught  at  Harvard  ruDS  along  geographical 
rather  than  physical  and  mathematical  lines.  The  subject,  therefore,  finds  its 
appropriate  place  in  the  Department  of  Qeology  and  Geography,  and  the 
instruction  deals  very  largely  with  geographical  meteorology,  or  climatology. 
The  principal  end  in  view  is  to  provide  systematic  instruction  in  the  climatology 
of  all  parts  of  the  world,  with  special  reference  to  the  relations  of  these  climates 
to  man.  As  at  present  arranged,  the  courses  in  meteorology  and  climatology 
are  built  up  on  an  elementary  half-course  in  meteorology  (Qeology  B),  and 
include,  iu  addition,  a  half-course  in  general  climatology  (Qeology  19) ;  a  half- 
course  on  the  climatology  of  North  America  (Qeology  I.) ;  a  half-course  on  the 
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climatology  of  South  America  (Geology  2),  this  being  chiefly  a  geographical 
course;  and  a  half -course  on  the  climatology  of  the  Eastern  Hemisphere 
(Qeology  3).  These  intermediate  courses  lead  to  research  work  in  meteorology 
(Geology  20  e)  and  in  climatology  (Geology  20/). 

The  elementary  half-course  in  meteorology  is  required  of  all  who  take  the 
more  advanced  work.  In  this  first  course  a  half-year  is  devoted  to  a  study  of 
the  more  important  facts  and  theories  in  meteorology.  Davis's  Elementary 
Meteorology  is  used  as  a  text-book.  Four  hours  a  week  are  devoted  to  laboratory 
work,  which  consists  chiefly  in  the  construction  and  study  of  weather  maps  and 
of  meteorological  charts  and  diagrams,  practice  in  the  use  of  the  ordinary 
instruments  and  in  the  corrections  of  the  observed  readings,  exercises  in 
weather  forecasting,  and  the  like. 

The  climatology  of  North  America  (Geology  I.)  is  a  course  designed  to  give 
a  general  view  of  the  climates  of  this  continent,  especially  suited  to  the  use  of 
students  of  physiography,  forestry,  and  medicine.  It  is,  however,  intended  to 
be  a  suitable  course  of  instruction  for  those  ^ho  wish  a  broad  outline  of  North 
American  climatology  as  part  of  a  general  education.  Special  attention  is  paid 
to  the  United  States.  As  a  part  of  the  laboratory  work  each  student  constructs 
a  series  of  charts  and  curves  of  temperature,  rainfall,  relative  humidity,  and 
cloudiness. 

A  course  on  the  geography  of  South  America  (Geology  2)  is  on  the  border- 
line between  physiography  proper,  economic  geography,  and  climatology.  To 
take  it,  students  (except  those  in  the  Graduate  Schools)  must  have  passed  in 
both  elementary  physiography  and  elementary  meteorology.  This  course 
presents,  in  broad  outlines,  a  general  view  of  the  physiography,  commercial 
geography,  and  climatology  of  South  America  as  a  whole,  and,  in  greater  detail, 
of  the  different  political  divisions  individually.  Special  attention  is  paid  to 
climatology,  and  to  the  control  of  climate  over  habitability,  occupations,  travel 
and  transportation,  etc.  The  basis  of  the  discussion  is,  first,  the  lai^r 
geological  and  geographical  divisions,  and  then,  in  a  subordinate  way,  the 
political  divisions.  This  method  lays  the  most  emphasis  upon  the  purely 
geographic  provinces.  The  political  divisions  are  considered  in  order  that  the 
course  may  meet  the  needs  of  those  who  may  later  have  business  relations  with 
South  America  or  may  occupy  consular  or  other  official  positions  there. 
Liaboratory  work  occupies  2  to  4  hours  a  week. 

A  course  on  the  climatology  of  the  Eastern  Hemisphere  (Geology  3)  follows 
the  same  general  lines  as  that  on  the  climatology  of  North  America,  but  the 
treatment  is  necessarily  more  superficial. 

A  half- course  in  general  climatology  (Geology  19)  covers  the  ground  of 
Hann's  Handbook  of  Climatology^  vol.  i^  and  of  Ward's  Climctte  Coneidered 
especially  in  Relation  to  Man,  This  course  is  designed  to  give  a  knowledge  of 
climatology  in  its  broader  aspects.  It  is  recommended  to  those  who  intend  to 
study  medicine.  Such  subjects  as  the  characteristics  and  hygiene  of  the  zones, 
the  acclimatisation  of  the  white  race  in  the  tropics,  the  life  of  man  under  the 
climatic  controls  in  the  different  zones,  and  changes  of  climate,  are  here  studied. 

Two  research  courses  are  given.  One  (Geology  20  «),  a  research  course  in 
meteorology,  provides  more  advanced  work  in  the  subjects  of  courses  1,  2,  3, 
and  19,  and  is  open  only  to  those  who  have  passed  satisfactorily  in  those  courses 
or  who  have  had  equivalent  preparation.  The  other  (Geology  20/),  a  research 
course  in  meteorology,  is  given  at  Blue  Hill  Observatory.  It  is  open  only  to 
advanced  students  who  are  thoroughly  competent  to  take  part  in  the  special 
lines  of  meteorological  investigation  which  are  at  present  being  undertaken  at 
Blue  HiU. 


Digitized  by 


Google 


MARRIOTT— THE  COLD  SPELL,  DECEMBER  1908  81 

THE  COLD  SPELL  AT  THE  END  OF  DECEMBER   1908. 

By  WILLIAM  MARRIOTT,  F.R.MetSoc 

[Read  February  17, 1909] 

The  weather  duriDg  December  was  generally  mild  until  Christmas  Day, 
when  a  considerable  change  took  place  in  the  distribution  of  barometric 
pressure,  and  the  weather  assumed  a  wintry  character. 

The  following  extract  from  the  Monthly  Weather  Report  of  the  Meteoro- 
logical Office  gives  a  concise  summary  of  the  weather  prevailing  at  the 
time : — 

On  Chrifitmas  Day  the  distribution  of  pressure  underwent  considerable 
modification,  an  Atlantic  depression  passing  on  to  the  Bay  of  Biscay,  and  the 
Continental  anticyclone  working  round  to  northern  Scandinavia,  while  the  middle 
Atlantic  anticyclone  was  expanding  to  the  Spanish  Peninsula.  These  Islands 
were  thus  in  a  belt  of  low  pressure  (extending  from  Iceland  to  the  Mediterranean) 
separating  two  high  pressures.  Moderate  temperature  and  very  quiet  dry 
weather  were  experienced  in  all  parts  of  the  Kingdom  on  the  26th,  but  on  the 
following  day  the  conditions  gradually  assumed  a  more  disturbed  appearance, 
the  wind  increasing  from  between  South,  South-east,  and  North-east,  rain  setting 
in  in  many  localities,  and  temperature  decreasing  appreciably.  In  the  course 
of  the  night  of  the  26th  the  conditions  quickly  became  of  a  most  wintry  type. 
When  observations  were  taken  on  the  morning  of  the  27th,  snow  was  falling  in 
most  parts  of  England  and  eastern  Scotland,  and  temperature  continued  to  give 
way.  For  four  days  the  inclement  weather  was  maintained,  more  or  less  snow 
being  experienced  except  in  a  few  localities  in  the  extreme  south-west  and  west. 
The  conditions  were  aggravated  on  the  29th,  on  which  morning  a  secondary 
disturbance  appeared  off  the  south  of  Ireland,  and  in  the  course  of  the  day  it 
was  transferred  to  the  Channel  Isles  and  on  to  the  north  of  France.  Under  its 
influence  and  that  of  the  primary  system  (centred  near  Iceland)  gales  blew  on 
many  parts  of  our  coasts,  a  strong  Westerly  gale  at  Malin  Head,  and  from  South- 
east at  Donaghadee,  a  whole  gale  from  South-east  at  Castlebay.  At  Deemess 
the  anemometer  registered  a  mean  hourly  velocity  of  56  miles  in  an  hour. 
With  the  high  winds  prevailing  the  snow  was  swept  into  great  drifts  in  many 
places,  and  traffic  by  road  and  rail  had  to  be  suspended  temporarily.  In  the 
circumstances  it  was  difficult  to  ascertain  what  depth  of  snow  fell  on  any  one 
day.  Aberyschan  had  9  ins.  on  the  28th ;  next  day  Brighton  had  5f  ins.,  and 
Lewes  6f  ins.  In  the  four  days,  27th  to  30th,  Llandrindod  Wells  had  11^  ins., 
yielding  0  94  in.  of  water ;  Parkstone,  Dorset,  I  ft,  yielding  0*84  in.  The 
snowfall  at  Aberdeen  on  the  27th  yielded  1*3  in.  of  water,  on  the  29th  at 
Stockbridge  (Hants)  1*2  in.,  and  at  Watergate  (Sussex)  0*8  in.  In  the  far 
west  very  heavy  rain  fell  on  the  28  th,  with  some  snow  or  sleet  locally.  The 
largest  measurements  of  water  were  1*3  in.  at  Dundrum,  1-5  in.  at  Kilkenny 
and  Waterford,  1-6  in.  at  Mount  Callan  (Clare)  and  at  Falmouth,  1-9  in.  at 
Penzance,  and  2*1  ins.  at  Bray.  At  Falmouth  an  inch  of  rain  fell  in  3  hours 
20  minutes  on  the  morning  of  the  29th. 

The  snow,  which  fell  on  the  29th,  was  of  a  very  dense  character,  and 
would  not  "bind."  It  therefore  greatly  interfered  with  traffic  and 
locomotion.  Some  particulars  respecting  the  cost  of  the  removal  of  snow 
in  London  are  given  on  p.  54  of  the  Quarterly  Journal, 
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Low  Temperatures,  December  28-30. 

The  most  remarkable  feature  of  the  period,  however,  was  the  intense 
cold  which  prevailed  over  the  central  and  south-eastern  portion  of 
England  from  the  28th  to  the  SOtL  This  wiU  be  clearly  seen  from  the 
maps  of  maximum  and  minimum  temperatures,  Figs.  1-5.  These  have 
been  compiled  from  observations  at  about  200  stations,  so  they  may  be 
taken  as  fairly  correct 

On  the  28th  the  minimum  temperature  (Fig.  1)  was  below  20""  over 
the  central  part  of  the  north  of  Scotland  and  the  central  and  southern 
portion  of  England  ;  and  was  below  25°  over  practically  the  whole  of 
Scotland  and  England,  except  the  extreme  south-west  and  west. 


Fio.  1. 


Fio.  2. 


The  maximum  temperature  (Fig.  2)  during  that  day  (28th)  was  below 
25°  over  a  considerable  portion  of  the  Midlands,  and  below  30°  over 
practically  the  whole  of  England,  except  the  south-west,  and  also  in  the 
south  of  Scotland. 

On  the  29th  the  minimum  temperature  (Fig.  3)  fell  below  15°  over 
portions  of  Northamptonshire  and  Leicestershire,  and  below  20°  over 
practically  the  whole  of  the  inland  portion  of  England  (except  the  south- 
western counties)  up  to  within  about  20  miles  of  the  coast. 

On  the  29th  the  maximum  temperature  (Fig.  4)  was  below  25°  over 
practically  the  whole  of  England  (except  the  south-western  counties) 
and  up  to  within  about  20  imles  of  the  coast,  and  remained  below  30° 
over  the  greater  part  of  Scotland,  and  the  whole  of  England,  except  the 
south-west.  In  the  extreme  western  portion  of  Cornwall  the  temperature 
was  above  50°. 

On  the  30th  still  lower  temperatures  occurred  (Fig.  5).  Over  a 
considerable  area   the   minimum  thermometer  fell  below  10°,  and  at 
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several  places  the  lowest  temperature  recorded  was  about  zero,  the  lowest 
being  -  1°  at  Liphook,  Hants.     Over  the  south  and  east  of  Scotland, 


Fig.  3. 


Fig.  4. 


and  practically  the  whole  of  England,  except  the  south-west,  the  minimum 
thermometer  fell  below  20°. 


Fig.  5. 


Reproductions^  of  the  thermograph  records  kept  by  Mr.  Edmund 
Lamb,  M.P.,  at  Borden  Wood,  Sussex,  and  by  Mr.  K  A,  Lee,  at  Liphook, 


Digitized  by 


Google 


84 


MABBIOTT^THB  COLD  SPBLL,  DGCEMBEB  1008 


Hants,  are  given  in  Figs.  6  and  7.  These  stations  are  only  a  few  miles 
apart.  At  the  former  the  lowest  temperature  was  1*3^,  but  at  the 
latter  it  fell  to  -  l"".  It  will  be  seen  that  the  lowest  temperatures 
occurred  between  6  and  9  a.nL  on  the  30th.  The  temperature  then  rose 
to  about  26°,  and  fell  to  a  second  minimum  between  5  and  8  p.m.  After 
this  the  temperature  rose  rapidly,  and  the  frost  came  to  an  end. 


6     NOON 


fe      Noow      6 


Dba.28  Ou.29  Dkc.30 

Pro.  6.— Thermograph  Becord  at  Borden  Wood, 


Occ.31 


At  most  of  the  climatological  stations  the  temperature  at  9  a.m. 
on  the  30th  became  the  minimum  for  the  next  day,  the  31st;  while 
at  the  second  order  stations  the  minimum  temperature  for   the    Slst 


Dec.  28 


DEC.  29  0 10.30 

Fig.  7. — Thermograph  Beoord  at  Liphook. 


was  practically  the  9  p.m.  reading  on  the  30th.  As  there  is  a  consider- 
able difiference  between  these  two  sets  of  readings,  it  has  not  been 
considered  desirable  to  reproduce  the  map  of  the  minimum  temperatures 
for  the  31  St. 

DuBATioN  OF  Intense  Cold. 

The  most  striking  feature  of  this  cold  spell  was  the  length  of  time 
that  the  temperature  remained  below  25*.  At  Borden  Wood  the  period 
was  60  hours;  at  Berkhamsted,  Herts,  53  hours;  and  at  Hodsock, 
Notts,  43  hours. 

Sunshine  and  Radiation. 

Fig.  8  gives  the  amount  of  bright  sunshine  recorded  on  the  30th ; 
from  this  it  will  be  seen  that  brilliant  sunshine  prevailed  over  the  south 
and  south-east  of  England  and  part  of  the  eastern  Midland  districts. 
This  shows  that  the  sky  was  clear  in  those  areas,  and  that  it  was  cloudy 
or  overcast  in  other  parts  of  the  country. 
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Owing  to  the  falls  of  snow,  the  grass  minimum  thermometers  at  most 
stations  were  covered  up  by  the  snow.     At  such  stations,  however,  where 


Pio.  8. — Hours  of  Bright  Sunsliiiie. 


Fig.  9.~Deoember  28,  7  a.m. 


the  observers  placed  the  thermometer  on  the  surface  of  the  snow,  very 
low  readings  were   obtained   during  the   night.     The   lowest  readings 


Fio.  10.— December  29,  7  a.iii. 


Fio.  11.— December  29,  6  p.m. 


reported  were  -  S'^'O  at  Epsom,  -  7°*0  at  Raunds,  and  -  1°*9  at  Tunbridge 
Wells.  The  temperatures  on  the  snow  were  10°  or  more  lower  than 
those  in  the  Stevenson  screen,  the  greatest  difference  being  IG'^'S  at 
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Tunbridge  Wells.  This  showed  that  there  was  great  radiation.  This 
was  most  intense  in  the  same  districts  in  which  the  lowest  minimum 
temperatures  occurred. 

Atmospheric  Conditions. 

The  isobaric  charts  for  the  period  are  reproduced  in  Figs.   9-13. 
These  show  that  during  the  period  in  question  there  was  a  ridge  or 


Fio.  12.— December  30,  7  a.ni. 


Fio.  13.— December  30,  6  p.m. 


wedge  of  high  pressure  between  two  cyclonic  systems,  existing  over  the 

central  and  southern  part  of   England,  and  that  the  conditions  were 

thus  favourable  for  the  production  of  great  cold. 

The  Hon.  Ralph  Abercromby  and  the  author,  in  their  joint  paper  ^  on 

"Popular  Weather  Prognostics"  (which  was  read  before  the  Royal  Meteoro- 
logical Society  on  December  20,  1882),  were  the 
first  to  call  attention  to  the  characteristic  weather 
prevailing  in  a  wedge-shaped  area  of  high  pressure, 
which  is  formed  between  a  retreating  and  an 
advancing  depression. 

Similar  Conditions  in  Previous  Frosts. 

It  will  be  interesting  to  call  attention  to  the 
fact  that  very  low  temperatures  have  been  recorded 
on  other  occasions,  when  the  distribution  of  baro- 
metric pressure  was  somewhat  similar  to  that  on 
December  29,  1908. 
Fig.  14  represents  the  conditions  prevailing  on  January  18,  1881, 
when  a  great  blizzard  occurred  over  the  south  of   England.     On   the 

^  Quarterly  Journal^  vol.  9,  p.  35. 
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morning  of  that  day  a  temperature  of  -  22°  was  registered  at  Blackadder 
in  Berwickshire. 

Fig.  15  shows  the  distribution  of  barometric  pressure  on  February 
11,  1895,  when  a  temperature  of  -  17*"  was  registered  at  Braemar,  and 
-ir  at  Buxton. 

Fig.  16  shows  the  conditions  prevailing  on  January  9,  1901,  when 


Fio.  15. 


Fig.  16. 


a  temperature  of  -  1'''9  was  registered  at  Swarraton,  Hants.  This  is 
in  the  same  district  as  Liphook,  where  -  1°  was  registered  on  December 
30,  1908. 

Previous  Low  Temperatures. 

For  the  month  of  December  the  cold  during  December  1908  was 
very  exceptional.  The  only  instances  in  the  neighbourhood  of  London 
or  at  Greenwich  in  which  the  maximum  temperature  was  below  25° *5 
for  the  day  were  the  following : — 


1796  .  26th  19-6 
1798  .  28th  19-6 
1816    .     22nd     24*0 


1880  .  24  th  22-0 
1856  .  2l8t  •23-2 
1874    .     81st     24*6 


1890    .     22nd    23*7 

1908    .     22nd    26*4 

.     30  th     23-3 


The  lowest  minimum  temperatures  recorded  at  Greenwich  in  the 
month  of  December  have  been  the  following  : — 


1796 
1830 


26th 
26th 


-2*0 
10*6 


I860 


26th      8-0 
29th    10*0 


1870 
1908 


26th      9-8 
80th    12-1 


The  days  with  lowest  mean  temperature,  since  official  records  were 
commenced  at  the  Royal  Observatory,  Greenwich,  in  1840,  are  the 
following : — 

Memn  Temp. 


1841  . 

.  .  Jan.  8 

1867  . 

.  .  Jan.  4 

1894  . 

.   »  6 

1908  . 

.  .  Dec.  80 

12-8 
13*7 
16-4 
16*6 


Difference 
fh>m  Avenge. 

-26-2 
-26*1 
-28  1 
-22*8 
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From  the  above  remarkfl  it  will  be  seen  that  the  cold  of  December 
28-30,  1908,  practically  constitated  a  record  for  length  of  intensity  orer 
the  central  and  south-eastern  portion  of  England. 

I  have  to  thank  Dr.  W.  N.  Shaw,  F.R.S.,  for  permitting  me  to 
extract  data  from  the  returns  in  the  Meteorological  Office,  and  also  for 
the  use  of  the  Weather  Maps. 


DISCUSSION. 

Mr.  W.  W.  Bryant  said  that  there  was  one  point  that  was  not  clearly  shown 
in  Mr.  Marriott's  diagrams,  which  was  the  effect  of  the  climatological  day 
ending  at  9  a.m.  Though  a  very  low  temperature  was  shown  for  Qreenwicb 
for  December  31,  there  was  actually  no  frost  after  6  am.  on  that  day,  but  the 
minimum  thermometer  being  set  at  9  a.m.  on  the  30th,  when  ike  lowest 
temperature  was  occurring,  made  it  appear  for  the  two  daya  With  the  exception 
of  the  period  under  notice,  there  had  been  no  frost  at  Qreenwicb  for  the  60  days 
November  20  to  January  20.  On  November  9  and  10  there  was  a  severe  frost, 
the  most  severe  in  the  Greenwich  records  for  so  early  in  the  season,  or  for  the 
first  frost  in  any  season.  The  old  readings  quoted  by  Mr.  Marriott  were  not 
official,  but  were  probably  just  as  reliable  as  the  present  ones.  Taking  the 
Greenwich  official  records  there  were  16  minimum  temperatures,  and  5  maximum, 
and  3  mean  temperatures  lower  than  those  quoted  by  Mr.  Marriott  for  December 
30,  1908.  The  low  reading  on  the  ground  on  that  day,  2**,  was  equaUed  on 
Christmas  Day  1860,  and  the  only  lower  reading  was  in  1845. 

Mr.  0.  J.  P.  Cavb  pointed  out  the  remarkable  differences  in  temperature 
between  the  hill  stations  and  those  in  the  valleys  in  his  neighbourhood.  At 
Ditcham  Park  the  minimum  was  16*,  at  Petersfield  6**,  and  at  Liphook  -  l"". 

Mr.  F.  Drugs  said  that  in  view  of  the  tendency  of  the  press  to  give  its 
readers  sensational  reports  concerning  the  weather,  Mr.  Mi^ott  was  to  be 
thanked  for  placing  the  facts  before  them  in  an  'accurate  and  scientific  manner. 
He  (Mr.  Druce)  read  an  extraordinary  paragraph  from  a  leading  London  news- 
paper about  the  amount  of  bright  sunshine  in  January  1909  ;  it  would  be 
difficult  to  find  out  the  meaning  of  the  writer  except  by  a  process  of  subtle 
reasoning. 

Mr.  W.  Marriott  in  reply  said  that  he  had  confined  his  comparisons  to  the 
month  of  December  only,  although  there  had  been  greater  frosts  in  other  months 
of  the  year.  He  would  like  to  urge  on  all  observers  to  see  that  their  minimum 
thermometers  were  graduated  down  to  -  20**,  and  that  the  dry  and  wet  bulb 
thermometers  were  graduated  down  to  zero.  There  were  several  instances  where 
the  thermometers  could  not  be  read,  either  because  they  were  not  graduated 
low  enough,  or  else  the  mercury  was  hidden  by  the  wooden  bar  supporting 
the  tubes. 

The  President  (Mr.  H.  Melubh)  in  conclusion  said  that  Mr.  Marriott's 
paper  was  a  correlation  of  the  facts,  not  only  of  this  frost,  but  of  the  conditions 
under  which  frosts  had  occurred  on  several  other  occasiona 

Mr.  L.  0.  W.  BoNAGiNA,  in  a  note  to  the  Secretary  after  the  discussion, 
wrote : — I  think  that  the  intense  cold  at  the  end  of  December  was  an  example 
of  how  very  low  temperatures  in  this  country  occur  when  the  ground  is  covered 
with  snow.  It  is  very  rare  that  the  temperature  falls  over  a  large  area  below  15* 
and  approaching  0"*  without  a  covering  of  snow  to  intensify  the  cold  of  nocturnal 
radiation.  When  the  sky  cleared  late  in  the  evening  of  the  29th,  after  a  heavy 
snowfall,  the  cold  in  the  neighbourhood  of  London  became  intense,  rendering 
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persons  out  of  doors  for  any  length  of  time  liable  to  be  frost-bitten.  On  the 
morning  of  the  30th,  when  the  weather  was  bright  and  sunny  and  intensely 
cold,  the  atmosphere  appears  to  haye  been  very  dry.  From  such  figures  as  I 
have  examined  in  the  Weather  Beport  for  December  30,  the  relative  humidity 
seems  to  have  been  from  60  to  70  per  cent  in  the  south-east  of  England.  This 
great  dryness  is  difficult  to  account  for.  The  ground  was  thickly  covered  with 
snow,  and  the  North-easterly  air  was  nearly  calm — two  conditions  which  would 
tend  to  keep  the  air  near  saturation ;  but  to  judge  from  the  pressure  chart, 
showing  a  wedge  of  high  pressure  over  England,  it  is  probable  that  the  air  was 
descending  and  being  kept  dry  by  the  heat  of  compression. 


Hail  Insurance. 

In  the  ^  Annual  Beport  of  the  Department  of  Agriculture  of  the  Province 
of  Saskatchewan"  for  1907,  the  following  particulars  are  given  respecting  hail 
insurance : — 

The  Hail  Insurance  Ordinance  is  administered  by  the  Treasury  Department, 
and  the  following  information  concerning  hail  insurance  for  the  year  Ib  furnished 
by  Mr.  John  A.  Reid,  Deputy  Provincicd  Treasurer. 

During  1907,  for  the  first  time  since  Qovemment  hail  insurance  was 
instituted  in  the  North-west  Territories,  a  choice  of  rates  per  acre  for  premium 
and  indemnity  was  offered  to  those  taking  insurance.  Under  the  new  plan 
of  insurance  it  is  provided  that  grain  crops  may  be  insured  for  either  $3*00, 
$4*00,  or  $5*00  per  acre,  upon  payment  for  full  insurance  of  a  fee  of  11  c, 
15  c,  or  19  c.  per  acre  respectively.  Previously  the  maximum  indemnity  per 
acre  for  fully  insured  crops  totally  destroyed  was  fixed  at  the  rate  of  $4*00,  and 
the  premium  for  insurance  was  15  cents  per  acre. 

The  business  done  during  the  year  was  somewhat  in  excess  of  the  trans- 
actions of  the  previous  season ;  but  the  rate  of  increase  was  not  nearly  as  great 
as  is  shown  by  a  comparison  of  the  figures  for  1906  and  those  for  1905.  The 
number  of  contracts  for  insurance  was  1572  in  1905,  3464  in  1906,  and  3930 
in  1907.  The  area  insured — 483,255|  acres — ^was  about  one-third  more  than 
was  insured  in  1906,  and  nearly  two  and  one-half  times  the  area  insured  in 
1905.  The  proportion  of  the  crop  area  insured  was  larger  than  in  1906  ;  the 
proportion  was  slightly  more  than  one-seventh  in  that  year,  and  slightly  lees 
than  one-sixth  in  1907.     In  1905  only  one-eighth  of  the  crop  was  insured. 

The  area  damaged  was  102,619^  acres.  In  1906  the  number  of  acres 
damaged  was  39,147,  or  about  two-fifths  of  the  area  damaged  in  1907.  The 
damage  to  the  insured  crops  in  1907  was  four  times  as  great  as  in  1905,  and 
the  percentage  of  the  insured  area  damaged  was  approximately  twice  as  great 
as  in  either  of  the  previous  years.  The  number  of  claims  for  indemnity  was 
773,  a  large  increase  over  the  number  in  1906,  when  424  claims  were  made, 
and  a  still  larger  increase  when  compared  with  258  claims  made  in  1905. 

The  season  of  1907,  therefore,  affords  abundant  evidence  of  the  practical 
utility  of  The  Hail  Insurance  Ordinance  in  providing  indemnity  for  the  farmer 
whose  crop  is  damaged  by  haiL  During  the  year  no  less  than  21^  per  cent  of 
the  acreage  insured  was  damaged  more  or  less,  and  the  indemnity  paid  amounted 
to  $167,411*30.  The  average  indemnity  per  acre  paid  was  greater  in  1907 
than  in  either  1905  or  1906.  The  figures  are  as  follows — in  1905  $1*41, 
in  1906  $1*45,  and  in  1907  $1*63  per  acre. 

Owing  to  the  fact  that  the  percentage  of  the  insured  acreage  damaged  was 
about  twice  as  great  as  in  either  of  the  last  two  years,  the  average  indemnity 
paid  per  acre  of  the  insured  crop  was  also  about  twice  the  amount  paid  in  other 
years.     In  1905  the  indemnity  paid  per  acre  of  insured  crop  was  17|  cents. 
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In  1906  the  indemnity  averaged  15^  cents,  and  in  1907  it  was  34|  cents  per 
acre.  The  cost  of  administration  for  1907  was  2|  cents  per  acre,  an  increase 
of  \  cent  per  acre  over  the  cost  of  administration  for  the  previous  year,  and 
nearly  1  cent  per  acre  more  than  for  1905.  The  increase  on  the  cost  of 
administration  in  1907  was  due  to  the  fact  that  insured  areas  in  several 
localities  were  visited  by  as  many  as  three  or  four  storms  during  the  season, 
which  necessitated  an  examination  after  each  storm.  Examiners'  fees  and  mile- 
age constituted  no  less  than  $7206*45  out  of  a  total  of  $10,887*35  paid  for 
expenses  of  administration. 

The  result  of  the  year's  work  shows  undoubtedly  a  desire  for  a  higher  rate 
of  indemnity  per  acre.  Of  a  total  area  of  4 83, 25 5  J  acres  insured  for  the  year, 
only  18,514  acres  were  insured  at  11  cents  per  acre,  the  new  low  rate,  as  com- 
pared with  207,347  J  acres  insured  at  19  cents  per  acre,  the  new  high  rate  ; 
the  remaining  257,394  acres  were  insured  at  the  rate  in  force  for  years,  viz., 
15  cents  per  acre. 

It  would  appear,  however,  that  these  rates,  high  though  they  may  seem  to 
be,  are  quite  inadequate,  as  the  deficit  for  the  year  was  no  less  than  $101,543*54. 
So  large  a  deficit  per  acre  was  exceeded  only  in  Alberta  in  1905,  when  they 
were  confronted  by  a  deficit  of  $27,779*80  on  a  total  insurance  of  62,634  acres. 
No  less  than  28  per  cent  of  the  insured  acreage  was  damaged  in  Alberta  in  that 
year. 

The  Argentine's  Antarctic  Meteorological  Station. 

The  corbetta  Uruguay,  of  the  Argentine  Navy,  left  Buenos  Ayres  on 
January  1 4  for  the  meteorologictd  and  magnetical  station  at  the  South  Orkneys. 
The  relief  party  sent  out  by  the  Argentine  Meteorological  Office  consists  of  four 
members,  under  the  command  of  Mr.  A  Lindsay,  of  Edinburgh,  who  received 
his  early  meteorological  training  at  the  Ben  Nevis  Observatory,  and  who  for  the 
past  year  has  been  in  charge  of  the  new  meteorological  observatory  established 
at  Port  Madryn,  in  the  territory  of  Chabut.  The  observations  at  the  South 
Orkneys  this  year  are  likely  to  prove  of  unusual  interest  and  importance  owing 
to  the  comparative  proximity  of  the  Chareot  Expedition,  which  is  to  winter  in 
the  vicinity  of  Alexander  Land.  On  the  return  voyage  of  the  Uruguay  a  stop 
is  to  be  made  at  Moltke  Haven,  South  Georgia,  in  order  to  make  magnetic 
observations  in  the  same  spot  as  that  previously  occupied  by  the  German 
International  Expedition  of  1882-63.  This  work  is  entrusted  to  Mr.  W.  R. 
Bruce,  chief  last  year  at  the  South  Orkneys  station,  who,  along  with  the  rest  of 
the  party,  returns  with  the  Uruguay,  The  data  from  South  Georgia  will  be  of 
great  value  in  connection  with  the  elaborate  magnetic  survey  of  the  Argentine 
Republic  and  adjacent  regions  which  has  been  in  progress  for  some  years,  and 
which  Mr.  L.  Schultz  has  nearly  completed  under  the  direction  of  Mr.  W.  G. 
Davies  of  the  Meteorological  Office. — Scottish  Geographical  Magasdne,  March  1909. 
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1834-1909. 

Henry  Storks  Eaton  wag  born  at  Little  Bridy,  Dorset,  on  October  30, 
1834.  He  went  to  school  first  at  Somerton,  and  afterwards  at  Dor- 
chester Grammar  School.  In  1854  he  proceeded  to  Trinity  College, 
Cambridge,  took  his  B.A.  in  1857  and  M.A.  in  1860. 

He  became  an  assistant  to  Mr.  Nathaniel  Beardmore,  a  former 
President  of  this  Society  (1861-63)  and  a  celebrated  hydraulic  engineer, 
at  30  Great  George  Street,  Westminster,  and  collected  a  large  number 
of  statistics  on  rainfall  and  eyaporation,  which  formed  part  iv.*  of 
Beardmore's  Manuai  of  Hydrology,  1862.  In  186.4  he  was  appointed 
Assistant  to  the  Secretary  and  Librarian  at  the  Institution  of  Civil 
Engineers,  which  post  he  held  until  his  retirement  on  June  30,  1890. 
Although  nominally  Librarian,  his  work  for  the  greater  part  of  the 
time  was  that  of  editing,  under  the  Secretary,  the  Minutes  of  Proceedings, 
which  were  enlarged  to  four  volumes  a  year.  He  also  took  charge  of  the 
Students'  Meetings,  and  Visits  to  Works,  and  generally  superintended 
the  affairs  of  that  class  when  they  extended  beyond,  or  differed  from, 
the  privileges  of  the  ordinary  members  of  the  Institution. 

He  displayed  a  keen  interest  in  meteorological  events  even  from 
childhood ;  and  right  up  to  the  end  of  his  life  be  could  recall  the  changes 
of  weather  on  given  dates  fifty  or  sixty  years  before.  As  early  as  1849 
he  began  making  meteorological  observations  in  a  rough  way.  Sub- 
sequently he  equipped  a  regular  station  at  Little  Bridy,  and  supplied, 
from  1857  to  March  1864,  monthly  returns  to  Mr.  James  Glaisher  for 
inclusion  in  his  Meteorological  Report  in  the  Registrar  -  General's 
Quarterly  Returns  of  Marriages,  Births,  and  Deaths. 

Mr.  Eaton  was  elected  a  member  of  the  British  (now  the  Royal) 
Meteorological  Society  on  March  24, 1857,  and  from  the  very  first  took  a 
great  interest  in  its  welfare,  and  was  a  regular  attendant  at  its  meetings. 
The  Society  did  not  in  those  days  possess  an  office  of  its  own,  so  Mr. 
Beardmore  gave  the  books  house-room  in  his  office.  Mr.  Eaton  was 
appointed  honorary  Librarian  in  1860,  and  during  his  occupancy  of 
that  post  two  Catalogues  of  books  in  the  library  were  printed — the  first 
of  12  pages  in  1862,  and  the  second  of  14  pages  in  1864. 

He  was  elected  a  member  of  the  Council  in  1865,  was  three  times 
Vice-President,  became  President,  in  1876-7,  and,  remained  on  the 
Council,  with  the  exception  of  one  year,  until  1888. 

Mr.  Eaton,  with  the  co-operation  of  two  or  three  others,  was  largely 
instrumental  in  inducing  the  Council  to  provide  an  office  for  the  Society, 
and  also  to  appoint  a  paid  officer  as  Assistant  Secretary.  This  was 
carried  into  effect  on  May  1,  1872,  when  a  room  was  opened  at  30  Great 
George  Street.  Mr.  Eaton  often  called  in  at  the  office,  and  gave  the 
Assistant  Secretary  the  benefit  of  his  advice.  He  took  an  active  part 
in  the  "forward  movement"  in  the  Society,  in  the  publication  of  the 
Qua/rterly  Journal,  and  in  the  organisation  of  a  network  of  second  order 
stations.  He  urged  that  the  stations  should  be  regularly  inspected  by 
the  Assistant  Secretary. 

During  Mr.  Eaton's  Presidency,  the  Permanent  Committee  of  the 
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International  Meteorological  Conference  met  in  London;  and  bo  he 
entertained  the  members  of  that  Committee  and  the  Council  of  this 
Society  at  a  dinner  which  he  gave  at  the  Royal  Aquarium  on  April  19, 
1876,  previous  to  the  meeting  of  the  Society  on  that  evening. 

Before  vacating  the  chair  at  the  Annual  General  Meeting  in  January 
1878,  he  had  the  pleasure  of  announcing  that  the  resolution  "  that  ladies 
be  admissible  as  Fellows  of  the  Society"  was  carried.  Miss  K  A. 
Ormerod  was  proposed  forthwith,  and  at  the  next  meeting  was  elected 
the  first  Lady  Fellow. 

Mr.  Eaton  delighted  in  collecting  and  carefully  discussing  meteoro- 
logical statistics.  His  principal  compilations  were  on  the  average  height 
of  the  barometer  in  London  for  100  years,  and  on  the  mean  temperature 
of  the  air  at  Oreenwich  from  1811  to  1856. 

While  living  at  Croydon  he  joined  the  local  Microscopical  and 
Natural  History  Club,  and  became  President  of  the  same  in  1888-9.  In 
his  capacity  of  Secretary  of  the  Meteorological  Sub-Committee  he  pre- 
pared an  elaborate  report  on  the  temperature  and  the  rainfall  of  the 
Croydon  district  for  the  five  years  1881-85.  He  also  took  a  considerable 
part  in  the  arrangements  for  the  collection  and  publication  of  the  tables 
of  daily  rainfall  from  a  large  number  of  stations  in  the  Croydon  district, 
which  work  has  since  been  so  ably  carried  on  by  Mr.  F.  Campbell  Bayard. 

After  leaving  Croydon,  Mr.  Eaton  travelled  a  great  deal  for  the 
benefit  of  his  health,  although  he  suffered  from  partial  paralysis ;  but  he 
made  Dorchester  his  headquarters.  He  joined  the  Dorset  Natural 
History  and  Antiquarian  Field  Club,  and  undertook  to  collect  and 
discuss  the  returns  of  rainfall  in  Dorset,  preparing  the  annual  reports 
from  1896  to  1903.  He  also  compiled  elaborate  reports  on  the  annual 
rainfall  1848-92,  and  on  the  monthly  rainfall  1856-95,  the  former  accom- 
panied with  2  maps  showing  the  distribution  of  rain  in  the  county  and 
adjacent  districts. 

Whenever  Mr.  Eaton  came  to  London,  he  always  called  at  the  Society's 
Office,  and  often  referred  to  the  returns  from  the  various  stations  or  to  the 
daily  weather  reports.  When  possible  he  arranged  his  visit  so  that  he 
might  join  the  Council  at  dinner  and  attend  the  meetings  of  the  Society. 

He  died  at  Ilfracombe  on  February  7,  1909. 

Mr.  Eaton  married  a  daughter  of  Mr.  Beardmore.  She  was  an 
invalid  for  many  years,  and  died  in  1882.  Wm.  Marriott. 


The  Cyclonic  Unit  in  Glimatological  Investigations. 

At  the  meeting  of  the  AsBociation  of  American  Qeographers  held  at  Baltimore, 
January  1  and  2,  1909,  Prof.  R.  De  C.  Ward  read  a  paper  on  this  subject  He 
pointed  out  that  climatology  has  been  too  much  concerned  with  monthly,  seasonal, 
and  annual  averages.  These  summaries,  being  based  on  final  and  definite  periods, 
do  not  bring  out  the  variations  of  the  climatic  elements  under  cyclonic  and 
anticyclonic  control,  yet  the  irregular  cyclonic  and  anticyclonic  changes  are  the 
very  ones  which  most  affect  man.  An  important  addition  to  the  usual  climatic 
summaries  would  be  the  introduction,  for  all  regions  in  which  the  cyclonic  or 
storm  control  of  weather  conditions  is  characteristic,  of  the  cyclonic  unit,  so  that, 
for  example,  the  average  duration  and  value  of  cyclonic  ranges  of  temperature 
in  the  several  months,  or  the  proportion  of  rain  and  snowfall  received  from 
cyclonic  storms  or  from  local  thunderstorms,  might  be  determined. 
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EEPORT   OF   THE  COUNCIL 

FOR  THE  YEAR  1908. 
[Submitted  to  the  Annual  General  Meeting,  January  20,  1909.] 

The  Council,  in  presenting  the  fifty-eighth  Annual  Keport,  have  much 
pleasure  in  referring  to  the  increasing  interest  in  Meteorology  which  is 
apparent  throughout  the  country,  and  they  believe  that  this  is  in  some 
measure  due  to  the  scheme  of  Lectures  inaugurated  by  the  Society.  The 
Council  observe  with  satisfaction  the  continued  increase  in  the  roll  of 
the  Fellows. 

Amongst  the  losses  by  death  the  Council  feel  it  right  to  refer  specially 
to  seven  distinguished  Fellows  or  Honorary  Members  who  have  done  good 
service  in  various  ways.  Sir  John  Eliot,  formerly  Meteorological  Reporter 
to  the  Government  of  India ;  Mr.  R.  J.  L.  Ellery,  an  Honorary  Member, 
formerly  Government  Astronomer  at  the  Melbourne  Observatory,  Victoria ; 
Sir  John  Evans ;  Monsieur  A  Lancaster,  an  Honorary  Member,  Director 
of  the  Meteorological  Department  of  the  Royal  Observatory  at  Brussels ; 
Prof.  E.  E.  N.  Mascart,  an  Honorary  Member,  formerly  Director  of  the 
Central  Meteorological  Bureau  of  France;  Prof.  J.  M.  Pernter,  an 
Honorary  Member,  Director  of  the  Austrian  Meteorological  Institute; 
and  Lieut.-General  Sir  Richard  Strachey,  third  recipient  of  the  Symons 
Memorial  Medal,  formerly  Chairman  of  the  Meteorological  Council. 

Committees, — The  Council  have  been  materially  assisted  during  the 
year  by  several  Committees,  which  have  been  constituted  as  follows : — 

Editing  Committee. — The  President,  Messrs.  Campbell  Bayard, 
Bentley,  Inwards,  and  Scott. 

General  Purposes  Committee.  —  The  President,  Secretaries, 
Treasurer,  Messrs.  Bentley,  Inwards,  Latham,  and  Shaw. 

Kite  Committee. — (To  co-operate  with  other  bodies  for  the  pro- 
motion of  the  study  of  the  upper  atmosphere.)  The  President,  Secre- 
taries, Colonel  Capper,  Messrs.  Cave  and  Curtis,  and  Captain  Hepworth. 

Local  Scientific  Societies  Commtitee. — The  President,  Secre- 
taries, Treasurer,  Messrs.  Bentley,  Druce,  and  Captain  Wilson-Barker. 

Observers'  Handbook  Committee. — The  President,  Secretaries,  and 
Dr.  Dickson. 

Revision  of  By-laws  Committee. — The  President,  Secretaries, 
Messrs.  Dines  and  Druce. 

Cchoperatian  with  the  Meteorological  Office, — The  arrangements  under  which 
certain  meteorological  data  are  supplied  by  the  Society  to  the  Meteoro- 
logical Office  have  been  continued  during  the  year.  At  the  request  of 
the  Director  of  the  Meteorological  Office,  the  Council  examined  the  new 
edition  of  the  Observers^  Handbook^  and  after  proposing  certain  modifica- 
tions, to  which  effect  has  been  given,  agreed  to  have  it  stated  on  the 
title-page  that  it  was  "  Approved  for  the  use  of  Observers  by  the  Royal 
Meteorological  Society,  in  association  with  the  Scottish  Meteorological 
Society  and  the  British  Rainfall  Organisation."  This  cannot  fail  to 
promote  that  uniformity  in  methods  of  observation  which  is  essential 
to  the  successful  co-operation  of  observers  throughout  the  country. 
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Bevision  of  the  By-laws. — A  favourable  opportunity  having  arisen  for 
considering  whether  the  By-laws  needed  revision,  the  Council  have  gone 
into  the  matter,  and  recommend  (1)  That  By-law  4  be  altered  to  read  as 
follows :  "  At  least  three  of  the  Council,  as  defined  in  By-law  2,  shall  be 
Fellows  who  have  not  served  on  the  Council  in  any  capacity  during  the 
year  immediately  preceding'';  and  (2)  that  in  By-law  62  the  word 
"  decline  "  be  substituted  for  the  words  "  refuse  or  omit  within  a  year." 
These  proposed  alterations  will  be  placed  before  the  Fellows  at  the 
Annual  General  Meeting.^ 

Howard  Medal. — The  Howard  Medal,  which  is  competed  for  annually 
by  the  Cadets  of  the  Nautical  Training  College,  H.M.S.  IForcester^  was 
won  by  Cadet  Twyman  for  an  essay  on  "  Forecasting  the  Weather." 

Lecture, — In  response  to  an  invitation  from  the  Council,  Dr.  G. 
Hellmann,  Director  of  the  Koyal  Prussian  Meteorological  Institute,  an 
Honorary  Member  of  the  Royal  Meteorological  Society,  came  over 
from  Berlin  for  the  occasion  and  delivered  a  Lecture  before  the  Society  on 
March  11,  on  "The  Dawn  of  Meteorology."  This  is  a  subject  which 
Dr.  Hellmann  had  made  specially  his  own,  and  the  Lecture  was  much 
appreciated  by  a  large  audience. 

Research  in  the  Upper  Air. — The  Council  have  continued  to  promote 
the  researches  into  the  meteorological  conditions  of  the  free  atmosphere 
by  means  of  kites  and  balloons.  The  Kite  work  at  the  Howard  Estate 
Meteorological  Station  of  the  University  of  Manchester,  under  the 
direction  of  Mr.  J.  E.  Petavel,  F.R.S.,  has  been  supplemented  by 
ascents  made  during  calm  weather  by  means  of  a  captive  balloon,  to 
the  cost  of  which  the  Society  has  contributed.  A  report  gi^^ng  an 
account  of  the  Balloon  Experiments  organised  with  the  assistance  of 
Sir  Daniel  Morris  and  carried  out  by  Prof.  J.  P.  D' Albuquerque  and 
other  gentlemen,  in  Barbados,  on  November  6  to  8,  1907,  was  read  at 
the  May  Meeting  of  the  Society.  As  Prof.  D' Albuquerque  and  his 
coadjutors  have  agreed  to  carry  out  further  and  more  extensive  observa- 
tions, the  Joint  Kite  Committee  have  resolved  to  send  out  a  supply  of 
balloons,  cylinders  of  hydrogen  gas,  and  two  specially  constructed 
theodolites.  Valuable  and  interesting  results  are  to  be  anticipated 
from  these  observations  on  the  drift  of  the  upi)er  atmosphere  over  the 
West  Indies. 

Captain  Ley  carried  out  some  interesting  experiments  at  Birdhill, 
County  Limerick,  for  the  Joint  Kite  Committee,  during  July  and  August. 
His  report  on  these  obsei-vations  was  read  at  the  November  Meeting  of 
the  Society.  Systematic  observations  are  carried  out  by  Mr.  Cave  at 
Ditcham  Park,  Petersfield  \  by  Mr.  S.  H.  R.  Salmon,  at  Brighton ;  and 

1  The  By-laws  which  it  is  proposed  to  amend  are  : — 

4.  Nine  only  of  the  twelve  Ordinary  Ck)uncillors  shaU  be  eligible  in  the  same 
capacity  for  the  ensuing  year. 

62.  Every  paper  which  may  be  presented  to  the  Society  shaU  be  considered 
as  the  property  of  the  Society,  unless  there  shall  have  been  any  previous  engagement 
by  the  Council  with  its  author  to  the  contrary ;  and  the  Council  may  publish 
the  same  in  any  way,  and  at  any  time,  that  they  may  think  proper.  But  should  the 
Council  refuse  or  omit  within  a  year  to  publish  such  paper,  the  alithor  shaU  have 
a  right  to  copy  the  same  and  publish  it  under  his  own  direction.  No  other 
person,  however,  shall  publish  any  paper  belonging  to  the  Society  without  the 
written  consent  of  the  Council,  signed  by  one  of  Uie  Secretaries. 


Digitized  by 


Google 


RBPOET  OF  THE  COUNCIL  96 

also  for  the  Meteorological  Office  by  Mr.  W.  H.  Dines  at  Pyrton  Hill, 
Oxfordshire. 

At  the  December  Meeting  of  the  Society,  Mr.  Cave  gave  the  results 
obtained  from  the  registering  balloon  ascents  made  at  the  various  stations 
in  the  British  Isles  during  the  week  of  International  Ascents  at  the  end 
of  July.  The  Council  gratefully  acknowledge  the  services  of  all  the 
gentlemen  who  have  taken  part  in  the  observations. 

The  Government  Orant  Committee  of  the  Eoyal  Society  made  a  grant 
of  £100  towards  the  expenses  of  these  investigations.  The  British 
Association  has  reappointed  its  Committee. 

Prize  Competition  for  Teachers, — This  competition,  the  particulars  of 
which  were  stated  in  the  last  Report,  proved  very  successful,  180  essays 
being  received  from  teachers,  7  from  pupil  teachers,  and  1 1  from  children 
between  the  ages  of  1 1  and  1 3.  After  the  examination  of  the  essays, 
the  Council  decided  to  award  four  extra  prizes  in  addition  to  those 
announced.  The  names  of  the  successful  competitors  will  be  found  in 
the  Quarterly  Jowmal,  vol.  34,  pp.  153-154. 

Exkihitums. — The  Society  was  again  invited  to  take  part  in  the  Agri- 
cultural Education  and  Forestry  Exhibition  in  connection  with  the  Show 
of  the  Eoyal  Agricultural  Society,  which  was  held  at  Newcastle-on-Tyne 
from  June  30  to  July  4.  A  large  collection  of  instruments,  photo- 
graphs, diagrams,  and  maps  was  exhibited,  and  attracted  a  great  deal 
of  attention  on  the  part  of  the  visitors  to  the  Show.  The  Council 
feel  that  such  exhibitions  bring  the  claims  of  Meteorology  and  the 
work  of  the  Society  before  a  large  number  of  people  in  d^erent  parts 
of  the  country,  who  are  likely  to  profit  by  the  opportunity  presented  to 
them.  The  Society  also  contributed  a  special  exhibit  to  the  Meteoro- 
logical Section  in  the  Science  Court  of  the  Franco-British  Exhibition,  the 
most  important  part  of  which  was  a  series  of  books  and  papers  illustrat- 
ing the  history  and  literature  of  Meteorology.  The  Society  has  been 
awarded  a  Diploma  of  the  Grand  Prize  for  its  Exhibit  in  Classes  1-6,  and 
in  Class  15. 

Lecimes. — Mr.  W.  Marriott,  the  Society's  Lecturer,  under  its  scheme 
of  diflfusing  a  knowledge  of  Meteorology,  has  delivered  lectures  at  Charter- 
house School;  Reading  School;  Royal  Agricultural  Society's  Show, 
Newcastle-on-Tyne ;  Shu-le-crow,  Keswick ;  St.  Lawrence  College, 
Ramsgate ;  Christ's  Hospital ;  Literary  and  Scientific  Society,  Wolver- 
hampton ;  Uppingham  School ;  Harrow  School ;  and  Natural  History 
and  Philosophical  Society,  Tunbridge  Wells. 

Proposed  Meteorological  Conference, — In  February  a  letter  was  received 
from  the  Royal  Society  of  Canada  inviting  the  Society  to  send  a  delegate 
to  a  proposed  meeting  of  Imperial  and  Colonial  Meteorologists  to  be  held 
at  Ottawa  in  May  1908.  In  the  month  of  March  the  Council  were 
informed  that  the  date  of  the  proposed  Conference  had  been  altered  to 
July  20  at  Quebec.  As  this  postponement  made  it  possible  for  die 
President  to  attend,  the  Council  requested  him  to  be  the  Society's 
delegate.  He  consented  to  represent  the  Society  at  Quebec  and  took  his 
passage  to  sail  on  July  10,  but  on  June  27  a  telegram  was  received 
postponing  the  Conference. 

For  CorUintuUion  of  Beport  of  the  Council,  see  page  102. 
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APPENDIX 
STATEMENT  OF  RECEIPTS  AND  EXPENDITURE 


RECEIPTS. 


Balance  from  1907 . 

SabecriptioDS  for  1908 

Do.        for  former  years 
Do.        paid  in  advance 

Life  Compositions . 

Entrance  Fees 


Meteorological  Office — Returns  1 907 


£499  18    8 


£906 

2 

0 

44 

0 

0 

44 

0 

0 

108 

0 

0 

72 

0 

0 

1169  2  0 
99  0  11 

Dividends  on  Stock  (including  £47  :  19  :  10  from  the  New  Premises 

Fund) £153  16    9 

Interest  on  Deposit,  1907  and  1908  .12    7     1 


Sale  of  Publications,  kc. 
Advertisements 


166  8  10 
78  16  2 
22  10    0 


£2030     6     2 
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FOR  THE  YEAR  ENDING  DECEMBER  31,  1908. 


EXPENDITURE.      . 

•Tbvnia/,  <£». — 

Quarterly  Journal,  Nos.  145  to  148 

£174  12 

0 

Illustrations           .... 

24  IS 

6 

Authors'  Copies      .            . 

. 

18  11 

0 

Meteorological  Record,  Noe.  105  to  108     . 

• 

88    5 

6 

£306    2 

0 

Printing,  ^sc-^ 

General  Printing    .... 

£20    8  10 

List  of  Fellows  and  By-laws 

25  17 

0 

Stationery  .            .            .            .            • 

■ 

16  16 

1 

Books  and  Bookbinding     . 

23    8 

7 

86  10 

6 

OffiMEoepenM— 

Salaries       ..... 

£658     1 

10 

Rent           .... 

212    0 

0 

Coals,  Lighting,  and  Insui-auce 

18    9 

2 

Addressograph,  Furniture,  and  Repairs 

23    6 

4 

Postage       .... 

75  14 

8 

Petty  Expenses 

9  14 

1 

Refreshments  at  Meetings . 

15    2 

1 

Telephone  .... 
Lecture       .... 

6  10 
10  10 

0 
0 

Expenses  rt  German  Meteorological  Society'^ 

1  Anniversary 

6    5 

0 

1084  13 

2 

OhstrwiiofM— 

Inspection  of  Stations 

Observers    ..... 

• 

.        £47  15  11 
12  14    0 

Instruments           .... 

• 

1     2 

4 

61  12 

% 

Stotk— 

Purchase  of  £100  L.  h  N.  W.  Railway  4 

per  cent  Preferenc 

e 

Stock  at  107   .... 

. 

£106  16 

8 

Purchase  of  £800  VictorU  Z\  per  cent  Loon 

19216  at  99 

297    1 

0 

403  17 

8 

£1892  15 

1 

BaUinu — 

At  Bank  of  England 

•           '• 

£128  19 
8  11 

2 
5 

In  hands  of  the  Assistant-Secretaiy 

137  10 

7 

£2030    6 

2 

Examined,  vouchers  seen,  and  found  correct, 


January  12,  1909. 


T.  P.  NEWMAN,       XjyaUan 
J.  W.  FORRESTER,  J^*****^'- 
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APPENDIX 
ASSETS  AND  LIABILmES 


LIABILITIES. 

Subtcriptions  paid  in  advance 

Rent  for  quarter  ending  December  25,  1908 

Coals  and  Electric  Light   .... 

Meteorological  Record,  No.  109,  and  General  Printing 

Exceee  of  Aaaets  over  Liabilities    . 


£44 

0 

0 

58 

0 

0 

4 

9 

6 

18 

4 

6 

£119  14    0 
8784  17    4 

. 

£3904  11     4 


WiL  MARRIOTT,  Asriatant'Seeretary, 


NEW  PREMISES  FUND, 


Interest  receiyed  on  Investment    .......        £47  19  10 


RESEARCH  FUND, 


Balance  from  1907      -—-.«•  .  .  £1  15     6 

Interest  received  on  Investment  .  .  1  16    0 


£8  11     6 
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/. — continued, 

ON  DECEMBER  31,  1908. 


ASSETS. 

Great  Central  Railway  4}  per  cent  Debenture  Stock,  £800  at 

120  xd £960    0 

New  South  Wales  4  per  cent  Inscribed  Stock,  £800  at 
107  xd 


Victoria  8}  ner  cent  Loan,  1021-6,  £800  at  98}  xd. 

London  k  liorth-Westem  Railway  Consolidated  Stock,  £400 

at  138 

London  k  North- Western  Railway  4  per  cent  Preference  Stock, 

£112  at  118 

Annnities,  2}  per  cent,  £281 :  11 : 0  at  82}  xd.     . 

Subscriptions  unpaid,  estimated  at  .  .  . 

Entrance  Fees  unpaid  ..... 
Interest  due  on  Stock  ..... 
Meteorological  Office—Returns,  1908 

Do.  Grant  for  Inspection,  1008 

Furniture,  Fittings,  &c.     . 

Instruments  ...... 

Gash  at  Bank  of  England  ..... 
Cash  in  hands  of  the  Assistant-Secretary  . 


£2062    4  10 

741    5    8 
568  10    8 

187  10    7 

£8904  11     4 
Examined,  Securities  seen  at  the  Bank  of  England,  and  found  correct, 

T.  P.  NEWMAN,      \j,Mr^ 
January  12,  1900.  J.  W.  FORRESTER, /^*^*^'- 

DECEMBER  31,  1908. 


856    0  0 

296  12  6 

582    0  0 

126  11  2 

191     1  2 

£50    0  0 

14    0  0 

62  18  2 

89  12  6 

25    0  0 


£454 

8  10 

109 

6 

5 

£128  19 

2 

8 

11 

5 

Amount  paid  to  the  Society's  Fund  towards  the  rent  of  Offices  at  70  Victoria 

Street £47  19  10 

JVo^— The  Society  holds  on  account  of  this  Fund  £1448:7  :9  South  Australian  8}  per 
cent  Inscribed  Stock. 

Examined  and  Securities  seen, 

T.  P.  NEWMAN,      \  .^^^, 
January  12,  1909.  J.  W.  FORRESTER, /^^"^'• 

DECEMBER  31,  1908. 

Cash  at  Bank  of  England,  December  81,  1908       .....       £8  11    6 
JVofe.— The  Society  holds  on  account  of  the  Fund  £72 :  11 : 5  Consols. 
Examined  and  found.correct, 

T.  P.  NEWMAN,      \  .^^. 
January  12,  1909.  J.  W.  FORRESTER, /-**^*^'- 
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APPENDIX 
SYMONI?  MEMORIAL  MEDAL 


BaUnee  in  hand  from  1907 
Interest  reeeiyed  on  Inyeatment . 


£50    2 

18  18 


£69     0  1] 


LOCAL  SCIENTIFIC  SOCIETIES' 


Balance  from  1907 
Lectarea — Fees    . 
Contribation — Mr.  F.  Druce 
Interest  on  Deposit,  1907  and  1908 


£108  15 

29    8 

10    0 

4  12 


£152  15    6 


KITE  OBSERVATION 


Balance  in  hand  from  1907  .  .  .  . 

Grant  from  the  Royal  Society  Goyemment  Grant  Fund  . 


£135    4  10 
100    0    0 


£235    4  10 
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/. — continued, 

FUND,  DECEMBER  31,  1908. 


GoldHedal  .... 

Cash  at  Bank  of  England,  December  81,  1908 


£26    0    0 
44    0  11 

£69    0  11 


JViofe.— The  Society  holds  on  account  of  this  Fund  £680  Cardiff  Corporation  Redeemable 
Stock,  8  per  cent 

Examined  and  fonnd  correct, 


Jamuary  12, 1909. 


T.  P.  NEWMAN,      \j.M^» 
J.  W.  FORRESTER, J-**^*^*' 


FUND,  DECEMBER  31,  1908. 


Lecturer's  Fees       ...... 

Exhibit  at  Royal  Agricultural  Society's  Show 

Expenses  r0  Franco^ritish  Exhibition     . 

Prizes  for  Teachers'  Competition 

Postage,  Printing,  etc.      ....            . 

£17  16 
86    9 

4    0 
18  10 

1  13 

0 
0 
2 
0 

7 

Balanee-^kt  Bank  of  England     .... 
In  hands  of  Assistant-Secretary 

£72    7 
68  16 
16  12 

9 
0 
9 

£162  16 

J 

Examined  and  found  correct, 


January  12,  1909. 


T.  P.  NEWMAN,       \^w,7.-.. 
J.  W.  FORRESTER, /^^"^*- 


FUND,  DECEMBER  31,  1908. 


Balloon  Observations  at  Birdhill  . 
Gasometer  and  Shed  for  Captive  Balloon  at  Olossop 
Meteorographs       ..... 
Indiarubber  Balloons         .... 


Cash  at  Bank  of  England,  December  81,  1908 


Examined  and  found  correct, 


Janwvry  12, 1909. 


T.  P.  NEWMAN,       \ 
J.  W.  FORRESTER,  j 


£46  16 

48     0 

6    0 

0  12 

6 
0 
0 
0 

£100    8 
184  16 

6 
6 

£286 

4  10 

Auditors. 
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DdegoHons. — Lt-Colonel  H.  Melliah  attended  as  the  representatiYe 
of  the  Society  at  the  celebration  of  the  fiftieth  year  of  the  foundation  of 
the  University  Museum,  Oxford,  on  October  8 ;  and  Mr.  H.  Harries,  at 
the  request  of  the  President,  acted  as  the  representative  of  the  Society 
at  the  twenty-fifth  anniversary  of  the  German  Meteorological  Society  at 
Hamburg  in  September. 

Meetings, — ^The  evening  Meetings  of  the  Society  took  place,  as  in 
former  years,  by  the  courtesy  of  the  President  and  Council  of  the  Institu- 
tion of  Civil  Engineers,  at  their  house  in  Great  George  Street,  West- 
minster ;  and  the  afternoon  Meetings  in  May  and  June  were  held  at  the 
Society's  Rooms,  70  Victoria  Street. 

Dinner. — ^The  second  Annual  Dinner  of  the  Society  was  held  at  the 
Trocadero  Restaurant  on  Tuesday,  June  16,  at  which  53  gentlemen, 
including  a  number  of  distinguished  guests,  were  present 

Publicaiions, — In  addition  to  the  Quarterly  /(ninui/,  and  the  Meteoro- 
logical Record^  which  have  been  issued  as  usual,  a  new  edition  of  the  List 
of  Fellows  was  published  on  May  1. 

StatioTis. — Offers  to  observe  at  the  following  new  stations  have  been 
accepted,  viz.  Aberdare,  Reading,  and  Redruth.  All  the  stations  in  the 
north  and  east  districts  were  inspected  by  Mr.  Marriott^  and  found  to  be 
on  the  whole  in  a  satisfactory  condition.  Mr.  Marriott's  Report  will  be 
found  in  Appendix  11.  (p.  103). 

Phenological  Report, — This  Report  was  prepared  as  usual  by  Mr.  E. 
Mawley,  and  was  read  at  the  April  Meeting.  The  Society  owes  its  best 
th<anks  to  Mr.  Mawley  for  his  labours  in  collecting  and  discussing  the 
returns  from  109  stations,  and  for  keeping  in  communication  with  so 
large  a  body  of  observers  during  so  many  years. 

lAbrary  and  Bibliography, — The  additions  to  the  Library  during  the 
year  were  318  volumes,  391  pamphlets,  14  charts,  and  31  MS.  (See 
Appendix  V.)  The  revision  of  the  Library  Catalogue  has  been  continued. 
Additional  accommodation  for  the  storage  of  pamphlets  is  needed 
before  much  further  progress  can  be  made.  1508  authors  and  1965 
subject  cards  have  been  dealt  with.  During  the  year  7590  cards  have 
been  prepared  for  the  Society's  Bibliography  of  Meteorological  Literature, 
in  continuation  of  the  Symons  Bibliography,  which  becomes  more  valu- 
able year  by  year;  and  369  authors  cards  and  681  subject  cards  of 
works  bearing  on  Meteorology  published  in  the  British  Isles  have  been 
made  for  the  International  Catalogue  of  Scientific  Liieratwre,  The  Council 
have  to  express  their  recognition  of  the  courtesy  of  the  Editor  of  the 
OeographicaX  Journal  for  supplying  advance  proofs  of  the  monthly 
bibliography  prepared  for  that  Journal. 

The  question  of  providing  adequate  space  for  the  ever-increasing 
additions  to  the  Library  is  becoming  a  difficult  problem  which  the 
Council  will  have  to  consider. 

Fellows, — The  changes  in  the  number  of  Fellows  are  given  in  the 
following  table : — 
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Fbllows. 

Annual. 

LiFB. 

Honorary. 

Total. 

1907,  December  3 1 

555 

159 

18 

732 

Since  elected     .     . 
Since  compounded 
Transferred .     .     . 
Reinstated    .     .     . 
Deceased      .     .     . 
Retired    .... 
Removed  from  List 
Lapsed    .... 

+  70 

-  2 

-  I 
+    I 

-  10 
-23 

-  II 

-  9 

+  2 
+  2 

-  5 

+  2 
+  I 
-4 

+  74 
0 
0 
+    I 
-19 
-23 

-  II 

-  9 

1908,  December  31 

570 

158 

17 

• 

745 

Deaths. — The  Council  regret  to  have  to  record  the  loss  by  death  of 
four  Honorary  Members  and  fifteen  Fellows. 

Alfred  Baldwin,  M.P. 

William  Morris  Beaufort,  F.RA.S. 

Charles  John  Bromhead 

John  Barff  Charlesworth 

Sir  John  Eliot,  KC.LR,  F.RS. 

Robert  Lewis  John  Ellery,  C.M.G.,  F.RS.  (Hon< 

Member) 
Sir  John  Evans,  K.C.B.,  F.RS. 
Marquis  of  Gallidoro 
Arthur  Spry  Helps 
T.  Almond  Hind 
Albert  Lancaster  (Hon.  Member) 
Sir  George  Thomas  Livesey,  M.Inst.C.K 
Eleuth^re  Elie  Nicolas  Mascart  (Hon.  Member) 
Dr.  Josef  Maria  Pernter  (Hon.  Member) 
David  Lester  Richardson 
Mrs.  Enrequita  Rylands 
James  Lidderdale  Scott,  F.R.A.S. 
Lieut-Gen.  Sir  Richard  Strachey,  G.QS.L,  F.RS. 
Rupert  Swindells,  M.InstC.E.,  F.RG.S. 


elected  Feb. 

20,  1901. 

9> 

Apr. 

18,  1877. 

>f 

Dec. 

19,  1888. 

») 

Feb. 

18,  1880. 

t) 

Feb. 

20,  1878. 

1. 

Jan. 

17,  1894. 

9) 

Nov. 

16,  1876. 

y> 

Apr. 

16,  1890. 

»» 

Feb. 

15,  1893. 

}} 

May 

16,  1900. 

» 

Mar. 

21,  1900. 

J> 

Jan. 

16,  1889. 

11 

Dec 

16,  1896. 

>} 

Jan. 

17,  1906. 

n 

Jan. 

16,  1907. 

» 

Jan. 

19,  1898. 

1) 

Feb. 

19,  1902. 

•       )» 

Jan. 

20,  1876. 

a 

May 

17,  1876. 

APPENDIX  IL 
INSPECTION   OF   STATIONS,  1908. 

I  have  inspected  the  stations  in  the  northern  and  eastern  part  of  the 
country,  and  have  found  them  to  be  generally  in  a  aatisfiEustory  condition.  1S8 
thermometers  have  been  tested,  and  in  only  a  comparatively  few  had  a  change 
of  zero  taken  place.  One  rain  measuring-glass  was  found  to  be  incorrect  At 
one  station,  where  there  was  a  suspicion  that  the  maximum  temperatures  had 
been  occasionally  too  high,  I  found  that  the  observer,  after  setting  the  instru- 
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ment^  while  placing  the  thermometer  on  the  left-hand  screw,  had  unconsciouBly 
lowered  the  right-hand  end  of  the  instrument  before  placing  that  on  the 
right-hand  screw,  and  so  the  mercury  had  a  tendency  to  run  up  the  tube.  It 
is  Tery  desirable  that  obsenrers  should  always  see  that  the  reading  of  the 
maximum  thermometer  corresponds  with  that  of  the  dry-bulb  when  it  is 
suspended  in  the  screws  after  being  set 

At  one  station  I  found  that  wire  netting  had  been  placed  over  the  rain- 
gauge,  as  it  had  been  supposed  that  children  had  interfered  with  the  gauge 
some  time  previously.  This  is  the  first  occasion  on  which  I  have  found  a 
gauge  to  be  so  protected.  I,  however,  recommended  that  the  wire  netting 
should  be  removed,  and  that  a  notice  be  placed  near  the  gauge  requesting  that 
it  should  not  be  touched. 

At  Scarborough  the  ball  of  the  sunshine  recorder  had  numerous  scratches 
and  markings  on  its  surface.  These  had  apparently  been  made  by  the  ball 
l)eing  put  on  the  wall  or  roof  when  it  was  taken  off  for  reading  the  card  during 
the  daytime.  It  is  desirable  at  those  stations  where  it  is  necessary  to  take  the 
ball  off  for  measuring  the  sunshine  during  the  day,  that  a  wooden  bowl  with 
soft  padding  inside  should  be  used  to  place  the  ball  in  when  taken  off,  in 
order  to  avoid  scratching  the  surface. 

Wm.  Marriott. 

October  1908. 


NOTES   ON   STATIONS. 

Applbbt,  July  8. — The  instruments  were  in  good  condition.  I  recom- 
mended that  the  maximum  be  mounted  slightly  on  the  slant  in  order  to 
prevent  any  tendency  of  the  mercury  to  run  up  the  tube.  I  gave  the  observer 
instruction  as  to  the  management  of  the  wet-bulb  in  frost,  and  also  as  to  read- 
ing the  thermometers  to  tenths  of  a  degree. 

Belpbr,  August  12. — ^The  thermometers  are  at  Field  Head  House,  and  are 
read  by  Miss  Hunter.  The  rain-gauge  is  at  Quarry  Bank  under  Mr.  Hunter's 
personal  supervision.  I  recommended  that  the  plants  and  shrubs  near  the 
rain-gauge  be  kept  low,  and  also  that  a  thicker  conducting  thread  be  used  for 
the  wet-bulb  thermometer. 

Blackpool,  July  16. — The  thermometers  were  in  good  order.  The 
Snowdon  rain-gauge  has  a  hot-water  jacket  for  melting  snow.  The  Halliwell 
self-recording  rain-gauge  was  in  good  order.  The  hour  of  measurement  for  the 
rain  is  9  a.m.,  but  for  the  6  p.m.  and  9  p.m.  observations  the  amount  is  read 
off  from  the  Halliwell  recorder.  The  earth  thermometer  was  at  the  commence- 
ment of  the  year  placed  at  the  depth  of  4  feet  below  the  surface.  The  Fortin 
barometer  was  in  good  order.  The  instrument  was  sent  to  the  makers  the 
previous  autumn  to  have  the  mercury  in  the  cistern  cleaned.  The  sunshine 
recorder  and  the  pressure  tube  anemometer  and  anemoscope  were  all  in  good 
order.  The  direction  and  force  of  the  wind  are  taken  from  the  records  and 
not  by  observation.  The  6  p.m.  observations  are  telephoned  to  the  Con- 
servative Club  for  transmission  to  the  Meteorological  Office. 

Buxton,  Jtdy  18. — Since  the  last  inspection  the  plot  of  ground  on  which 
the  thermometers  are  placed  has  been  enclosed  by  iron  railings,  and  earth 
thermometers  at  1  foot  and  4  feet  added.  The  rain-gauge  is  outside  the 
enclosure.  The  muslin  on  the  wet-bulb  thermometer  was  baggy  and  not  of 
the  proper  description.  The  grass  minimum  had  some  spirit  up  the  tube. 
The  inside  of  the  thermometer  screen  required  painting.  The  rain-gauge 
needed  some  soldering.     The  mercury  in  the  cistern  of  the  barometer  is  becom- 
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ing  rather  dirty.  A  barograph  is  placed  near  the  barometer.  The  Campbell- 
Stokes  sanshine  recorder  (Universal  pattern)  is  now  used  in  place  of  the 
Jordan  recorder.  The  glass  ball  was  not  in  the  centre  of  the  frame,  being  too 
low.  The  trees^to  the  west  make  an  angle  of  12^  I  suggested  that,  if  possible^ 
an  endeavour  should  be  made  to  have  these  kept  cut  back.  I  found  that  the 
earth  thermometers  had  been  read  at  9  p.m.  and  not  at  9  a.m.  They  will  for 
the  future  be  read  at  9  a.m. 

Chbadlb,  Augtut  14. — The  instruments  have  been  removed  from  the  lawn 
near  the  house  to  the  kitchen  garden,  and  the  observations  have  been  taken 
since  April  by  the  new  gardener.  I  recommended  that  grass  be  laid  down,  and 
that  the  screen  be  painted.  The  rain-gauge  was  too  near  the  thermometer 
screen.  The  grass  minimum  had  a  considerable  amount  of  spirit  up  the  tube. 
The  barometer  had  been  removed  from  the  arcade,  and  was  fixed  in  a  comer 
on  a  north  wall ;  it  was  not  quite  perpendicular.  I  recommended  that  it  be 
placed  inside  the  observer's  house.  I  instructed  the  observer  in  the  method  of 
reading  the  barometer  and  the  thermometers.  The  observations  are  now  taken 
only  once  a  day,  viz.  at  9  a.m. 

Chsstkr,  July  17. — The  instruments  were  in  the  same  position  as  last 
year.  The  minimum  had  some  spirit  at  the  top  of  the  tube.  The  mercury  in 
the  maximum  had  a  tendency  to  slightly  run  up  the  tube.  I  suggested  that 
the  instrument  be  placed  more  on  the  incline.  The  muslin  on  the  wet-bulb 
required  changing 

QoRTOK,  SepUmher  3. — The  thermometers  and 'rain-gauge  are  on  a  grass  plot 
in  the  kitchen  garden.  A  row  of  peas  had  been  allowed  to  grow  up  near  the 
rain-gauge.  The  sunshine  recorder  (Universal  pattern)  was  in  good  order. 
Owing  to  the  growth  of  trees  the  recorder  has  to  be  moved  to  another  post 
during  the  winter  months. 

DsBBT,  August  13. — ^The  thermometer  screen  required  painting.  As  the 
trees  on  the  north-west  of  the  rain-gauge  subtended  a  considerable  angle,  I 
recommended  that  the  gauge  be  moved  farther  away.  The  observations  are 
now  taken  by  one  of  the  curators,  who  also  reads  the  various  meters  in  the 
Infirmary. 

Ely,  September  1. — The  minimum  had  got  out  of  order  the  previous  week 
by  the  column  of  spirit  becoming  broken.  This  I  set  right  The  thermometer 
screen  required  strengthening  and  painting.  The  maximum  sets  very  stifSy, 
and  requires  a  good  deal  of  shaking.  I  recommended  that  it  be  mounted  more 
on  the  slant.  The  muslin  on  the  wet-bulb  required  changing.  On  comparing 
the  thermometers  it  was  found  that  the  we^bulb  had  gone  up  0*"*!. 

GRANGifi-oyER-SANDS,  July  13. — The  Jordan  sunshine  recorder  is  mounted 
on  a  post  with  a  very  good  exposure,  except  on  the  west,  where  a  house  has 
recently  been  built,  which  subtends  an  angle  of  9*.  The  recorder  was  not  in 
proper  adjustment  for  time.     This  was  subsequently  set  right 

Habrooatb,  July  21. — The  barometer  board  was  not  fastened  to  the  wall 
at  the  bottom.  I  recommended  that  it  be  secured  in  order  to  keep  the 
barometer  always  perpendicular.  Two  screens,  each  with  a  set  of  thermometers, 
are  used— ^-one  for  the  9  a.m.  and  the  other  for  the  6  p.m.  observations.  Under- 
neath one  of  the  screens  is  a  thermograph,  and  under  the  other  is  a  hygrograpk 
The  muslin  on  the  wet-bulb  was  baggy,  and  the  cotton  very  thick.  The 
receptacle  for  the  9  a.m.  wet  thermometer  was  higher  than  the  bulb,  so  the 
water  had  a  tendency  to  siphon  out  I  recommended  that  it  be  placed  some- 
what lower.  The  grass  minimum  had  some  spirit  up  the  tube.  Two  rain- 
gauges  are   read   daily:   the  Snowdon  at  9  a.m.  and  the  M.  0.  at  6  p.m. 
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The  Campbell-Stokei  soiishiiie  recorder  (UniTenal  pattern)  was  about  15 
minutes  fast  in  time.  I,  howeveri  did  not  shift  the  instrument^  but  told  the 
observer  what  he  would  have  to  do  if  the  M.  O.  instructed  him  to  adjust  it 
The  Jordan  recorder  (Twin  pattern)  is  still  in  use.  Lander's  direction  and 
pressure  anemometer  is  in  use,  and  the  wind  observations  have  been  taken  from 
it  At  the  time  of  mj  visit  the  anemometer  was  not  showing  any  pressure 
although  the  force  was  1  and  at  times  2.  At  the  Reservoir  there  is  a 
N^retti  and  Zambra  self-recording  rain-gauge,  with  a  check  Glaisher  gauge. 
There  is  also  a  6-feet  square  evaporation  tank  with  Halliwell  float  gauge,  and 
also  a  percolation  gauge.  This  station  is  fitted  with  every  convenience  for 
the  help  and  comfort  of  the  observer,  for  a  complete  electric  lighting  and  heat- 
ing installation  has  been  introduced  to  replace  the  oil  lamps  and  stoves  pre- 
viously in  use.  An  electric  lamp  is  also  fitted  in  the  night  thermometer 
screen,  a  movable  hand  electric  lamp  is  used  for  reading  the  sunshine  recorders, 
and  an  electric  kettle  is  provided  for  the  melting  of  snow,  ice,  etc 

HiLLraoTON,  September  1. — The  Rev.  H.  Ffolkes  was  away  from  home  at 
the  time  of  my  visit,  but  I  found  one  of  the  railway  porters  who  took  the 
observations  in  Mr.  Ffolkes'  absence.  He  appeared  to  take  the  observations 
fairly  well.  I  gave  him  instruction  in  the  method  of  reading  and  setting  the 
instruments.  The  grass  minimum  had  some  spirit  up  the  tube.  The  muslin 
on  the  wet-bulb  did  not  fit  very  well,  and  the  cotton  required  changing.  The 
thermometer  screen  needed  strengthening  and  painting.  I  recommended  that 
the  grass  round  the  terrestrial  minimum  should  be  cut  short  The  sunshine 
recorder  was  in  good  adjustment 

HoDBOCK,  AugtLst  17. — Everything  at  this  station  was  in  good  order.  The 
sunshine  recorder  was  in  good  adjustment  A  tree  on  the  east  cuts  off  a  little 
of  the  morning  sunshine.  Since  my  last  visit  a  Dines*  ether  thermograph  has 
been  obtained,  and  is  working  satisfactorily. 

Eebwiok,  July  11. — This  station  was  in  good  order.  In  Mr.  Dawson's 
absence  the  observations  are  taken  by  the  gardener.  The  barometer  is  of  an 
unusual  construction,  a  screw  at  the  top  of  the  instrument  adjusting  the  ivory 
point  to  the  level  of  the  mercury  in  the  cistern.  I  urged  the  gardener  always 
to  adjust  this,  and  also  to  make  the  vernier  top  form  a  tangent  to  the  mercury 
in  the  tube.  The  solar  thermometers  were  broken  the  previous  day  by  a  board 
being  blown  down  on  them  while  I  was  giving  an  address  to  a  number  of  school 
children. 

Lancaster,  JtUy  13. — Too  much  muslin  was  used  for  the  wet-bulb.  I 
recommended  that  the  maximum  be  mounted  slightly  on  the  slant  to  prevent 
the  mercury  running  up  the  tube.  The  ball  of  the  Campbell-Stokes  sunshine 
recorder  (Universal  pattern)  had  slipped  down  so  that  the  trace  was  not  running 
quite  parallel  with  the  card.  The  Glaisher  rain-gauge  required  some  soldering. 
The  thermometer  screen  required  repairing  and  painting.  As  it  had  been 
wilfully  damaged  the  previous  day,  and  also  the  other  instruments  interfered 
with,^  1  recommended  that  greater  precautions  should  be  taken  for  their  protec- 
tion, and  suggested  that  the  enclosure  containing  the  rain-gauges  should  be  made 
larger,  and  the  screen  removed  to  it 

Lincoln,  August  20. — Owing  to  the  death  of  Mr.  C.  J.  Bromhead  on  July  13, 
the  observations  which  had  been  carried  on  by  him  since  1888  dame  to  an  end. 
I  spent  several  days  in  the  endeavour  to  find  some  one  willing  to  carry  them 
on.  I  called  upon  a  number  of  persons  connected  with  the  Cathedral,  induding 
the  Dean,  Canon  Hutton,  Mr.  A«  Johnston,  verger,  and  Mr.  J.  C.  Allan,  clerk 
of  works,  with  reference  to  a  new  site  for  the  Stevenson  screen  and  rain-gauge, 
and  also  for  the  taking  of  the  readings  of  the  electrical  thermometer,  which  is 
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fixed  on  the  great  tower  of  the  Cathedral  and  read  off  by  a  galvanometer  in  one 
of  the  vestries.  I  also  called  upon  the  Rev.  T.  R.  Morgan  with  reference  to  a 
site  which  I  considered  very  suitable  at  St.  Margarets  disused  burial-ground. 
IJnfortunatelj,  however,  through  technical  difficulties,  the  consideration  of  this 
site  had  subsequently  to  be  abandoned.  I  also  called  upon  Dr.  Rees  Jones,  the 
Medical  Officer  of  Health,  who  was  not  able  to  render  me  any  assistance. 
Ultimately  Mr.  J.  C.  Allan  agreed,  if  possible,  to  endeavour  to  carry  out  some 
of  the  observations. 

Lowestoft,  September  4.-T'The  minimum  had  1*'*2  of  spirit  up  the  tube. 
As  the  thermometer  was  an  old  one,  and  had  a  piece  of  wood  covering  the  end 
of  the  tube,  the  spirit  could  not  be  seen  until-  the  piece  of  wood  was  taken  off. 
The  station  had  recently  been  painted.  The  thermometer  screen  had,  however, 
been  painted  stone  colour  instead  of  white.  The  insides  of  the  funnels  of  the 
rain-gauges  had  also  been  painted.  It  is  not  desirable  that  the  rims  of  the 
gauges  should  be  painted.  The  direction  and  force  of  the  wind  are  taken  by 
the  officials  at  the  lighthouse  close  by.  The  sunshine  recorder  appeared  to  be 
in  good  adjustment  The  trees  on  the  south-east  and  west-north-west  make 
angles  of  about  6°.  Mr.  Edwards  was  away  on  holiday  at  the  time  of  my  visit, 
but  the  observations  were  being  taken  by  Mr.  Cooper. 

MACCLESFIELD,  Av>gu8t  13. — ^There  was  no  change  at  this  station.  The 
minimum  had  1**  of  spirit  up  the  tube.  This  had  been  there  since  the  ther- 
mometer had  been  obtained,  as  the  observer  was  afraid  that  he  might  damage 
the  instrument, — the  previous  instrument  having  been  broken  when  trying  to 
get  spirit  down.     The  observations  are  taken  about  8.30  a.m. 

M^DEN,  September  22. — This  station  is  at  Worcester  Park.  The  thex^ 
mometer  screen  required  painting.  The  tube  of  the  maximum  thermometer 
needed  adjusting  in  order  to  make  the  divisions  on  it  agree  with  those  on  the 
porcelain  scale.  The  bulb  of  the  1  ft.  earth  thermometer  was  only  10  ins.  in 
tlie  ground.  I  recommended  that  the  chain  be  lengthened  by  2  ins.  The 
rain-gauge  measuring-glass  gave  too  high  a  value  for  the  greater  part  of  the 
scale. 

Matlock,  August  12. — The  instruments  are  at  the  Rockside  Hydro,  and  the 
observations  are  taken  by  Mr.  Evans,  the  Inspector  of  Nuisances.  I  suggested 
a  rearrangement  of  the  thermometers  in  the  screen,  and  also  that  the  screen  be 
painted,  and  that  a  wooden  rack  be  placed  on  the  grass  for  the  observer  to  stand 
on.  A  wire-netting  screen,  4  ft.  square  and  about  18  ins.  high,  was  placed 
round  the  rain-gauge.  This  was  also  covered  over  with  wire-netting,  which  had 
been  put  there,  because  it  had  been  found  that  the  rain-gauge  had  been  tampered 
with  by  children  some  time  ago.  I  recommended  that  the  wire-netting  at  the 
top  be  taken  away,  and  that  a  notice  be  placed  near  the  rain-gauge,  requesting 
that  it  should  not  be  touched.  The  Jordan  sunshine  recorder  is  mounted  on 
the  roof  of  the  Hydro,  and  has  a  clear  exposure. 

Norwich,  September  2. — This  station  was  in  good  order.  A  wire-guard  was 
placed  over  the  grass  minimum  thermometer.  I  suggested  that  it  be  removed, 
and  that  a  different  form  of  protection  be  used  for  the  thermometer. 

Raundb,  September  15. — This  station  was  in  good  order.  I  recommended 
that  the  grass  minimum  be  moved  more  into  the  open,  and  placed  on  well-cut 
short  grass.  A  Snowdon  rain-gauge  had  recently  been  obtained,  and  placed 
near  the  Qlaisher  rain-gauge.  An  electrical  recording  Robinson  anemometer  is 
mounted  on  the  top  of  one  of  the  ventilators  of  the  Wesleyan  school.  The 
instrument  has  been  designed  by  Mr.  Cottingham  of  Thrapston. 

RoTHBUBY,  June  17. — The  sunshine  recorder  was  not  in  adjustment  for 
time.    There  was  no  change  in  the  thermometers.     I  recommended  the  observer 
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to  notice  whether  the  index  in  the  minimum  was  shaken  down  in  strong  wind& 
The  rain-gauge  required  some  slight  repair. 

RouNTON,  July  7. — Since  the  last  inspection  a  new  house  has  been  built  for 
the  gardener  on  the  eastern  side  of  the  estate,  and  the  instruments  have  been 
remored  to  a  railed  off  enclosure  in  a  field  adjoining.  The  thermometer  screen 
required  painting.  The  maximum  thermometer  is  one  of  Phillip's  pattern. 
The  proportion  of  mercury  forming  the  index  is  only  4** '5  in  length.  This 
seemed  to  be  much  too  short,  as  the  air-speck  was  liable  to  work  out  of  the 
mercury.  I  suggested  that  it  was  desirable  that  another  instrument  should  be 
obtained.  I  gave  the  observer  instruction  as  to  the  management  of  the  wet- 
bulb  in  frost,  etc 

ScALEBT,  July  9. — I  recommended  that  a  batten  be  fixed  on  the  top  of  the 
screen  before  the  next  painting  in  order  to  make  it  water-tight  I  directed 
that  the  water  receptacle  be  placed  nearer  to  the  wet-bulb,  in  order  to  prevent  the 
cotton  becoming  looped,  and  so  acting  as  a  siphon.  I  gave  the  observer  instruc- 
tion as  to  the  management  of  the  wet-bulb  in  frost,  etc 

SCARBOBOUGH,  July  S2. — The  water  receptacle  was  higher  than  the  wet- 
bulb.  I  recommended  that  it  be  lowered,  to  prevent  the  water  syphoning  out. 
As  the  observer  had  to  take  out  the  maximum  and  minimum  thermometers  for 
reading  I  brought  away  the  thermograph,  and  recommended  that  the  dry,  wet, 
maximum  and  minimum  thermometers  be  mounted  more  nearly  in  the  middle 
of  the  screen,  so  that  they  could  be  easily  read.  The  sunshine  recorder  is 
mounted  on  the  stone  coping  at  the  top  of  the  Fire  Station ;  the  exposure  is 
clear  all  round.  The  ball  had  numerous  scratches  and  markings  on  its  surface. 
These  apparently  had  been  made  by  the  ball  being  put  on  the  wall  or  roof  when 
it  has  been  taken  off  for  reading  the  card  for  the  6  p.m.  observations.  I  ad- 
vised that  a  wooden  bowl  be  obtained,  and  that  the  ball  be  placed  in  it  when 
taken  off,  in  order  to  prevent  any  further  scratchings.  The  barometer  was  at 
Mr.  Larkins'  house.  The  observations  are  taken  at  9  a.m.,  5.30  p.nL,  and  a 
little  before  9  p.m.  I  recommended  that  a  grass  minimum  thermometer  be 
obtained.  On  comparing  the  thermometers  it  was  found  that  the  minimum  had 
gone  up  0*-3 

ScABBOBOUGH  (Manor  Road  Rscbkation  Qbound),  Jtdy  22. — ^The  muslin 
and  cotton  on  the  wet-bulb  were  very  dirty.  The  bottoms  of  the  posts  of  the 
screen  were  rotten  and  needed  renewing,  and  the  screen  painting.  I  gave  the 
observer  instruction  in  the  method  of  observing. 

Seathwaite,  July  10. — The  thermometer  screen  required  painting  and 
strengthening.  The  muslin  on  the  wet-bulb  was  much  too  thick.  The  upper 
part  of  the  weekly  rain-gauge  required  soldering,  and  also  the  bottom  of  the  can 
of  the  monthly  gauge.  Mrs.  Jackson  said  that  she  might  probably  leave  the 
house  in  September.  I  saw  Mr.  W.  Richardson,  who  expressed  his  willingness 
to  take  the  observations  if  the  house  should  not  be  let  He  has  a  piece  of 
ground  on  the  other  side  of  Jackson's  garden,  where  the  instruments  might  be 
placed  if  necessary,  or  they  could  be  put  in  the  field  near  Marshall's  gauge. 
The  exposure  at  the  latter  is  very  open  and  bleak. 

Singleton,  July  16. — This  station  is  three  miles  east  of  Poulton  and  six 
miles  from  Blackpool.  A  Campbell-Stokes  sunshine  recorder  was  to  be  set  up 
on  a  marble  pedestal  in  an  exposed  situation.  There  was,  however,  no  sunshine 
at  the  time  of  my  visit,  so  I  could  not  adjust  it  There  are  some  trees  to  the 
east,  which  make  an  angle  of  10"*.  I  suggested  that  these  should  be  cut  back  so 
as  to  reduce  the  angle.  A  Glaisher  rain-gauge  is  also  at  work  ;  it  is  kept  very 
brightly  polished.     Mr.  Miller  has  also  a  barograph. 
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SouTHWOLD,  September  3. — I  called  on  the  Town  Clerk,  and  learned  that 
the  observations  were  being  taken  on  behalf  of  the  Corporation  by  Mr.  J.  A. 
Blower,  who  was  very  glad  of  some  instruction.  Both  the  minimum  and  grass 
minimum  thermometers  had  spirit  up  the  tube.  The  muslin  and  cotton  on  the 
wet-bulb  required  renewing.  The  lower  rim  of  the  funnel  of  the  rain-gauge 
had  come  off,  and  needed  resoldering.  The  Robinson  anemometer  was  not  in 
good  working  order.  The  evaporation  tank  was  not  being  used.  The  baro- 
meter is  placed  in  the  Town  Hall.  The  case  required  fixing  at  the  bottom  in 
order  to  keep  the  barometer  quite  perpendicular.  I  was  informed  that  the  Cor- 
poration had  decided  to  discontinue  the  meteorological  observations  at  the  end 
of  the  month. 

Sprowston,  September  2. — At  the  request  of  Mr.  Eustace  Gumey,  I  went  to 
Sprowston  Hall,  three  miles  north  of  Norwich,  and  selected  a  site  for  the  Camp- 
bell-Stokes sunshine  recorder  (Universal  pattern).  He  has  also  a  barograph,  a 
thermograph,  and  a  dial  rain-gauge.  He  will  probably  obtain  a  Stevenson  screen 
with  thermometers,  and  also  a  Snowdon  rain-gauge. 

Stbbllet,  August  11. — The  muslin  on  the  wet-bulb  was  rather  baggy.  I 
recommended  that  it  be  kept  tight  round  the  bulb.  A  new  Snowdon  rain-gauge 
has  been  obtained  since  the  last  inspection.  The  sunshine  reeorder  required 
adjusting  for  time.  As  the  trees  on  the  east  cut  off  some  of  the  morning  sun- 
shine, I  suggested  that  the  recorder  be  moved  farther  to  the  west  and  mounted 
on  a  stronger  support 

UsHAW,  June  29.-^The  l^s  of  the  screen  required  strengthening  to  check 
vibration  in  windy  weather,  and  the  screen  also  needed  painting.  On  compar- 
ing the  thermometers  it  was  found  that  the  dry  and  wet  had  gone  up  0°'2. 
The  rain-gauge  has  a  shallow  funnel.  The  cylinder  is  fixed  to  a  wooden  pedestal 
which  needed  readjusting.  I  gave  the  observer  information  as  to  the  manage- 
ment of  the  wet-bulb  in  frost,  and  as  to  the  measurement  of  snow,  etc 

Wakefield,  July  20. — I  saw  four  of  the  warders  who  take  the  observations, 
and  also  Dr.  French  who  makes  up  the  record.  Owing  to  the  exigencies  of  the 
prison  duties,  the  evening  observations  are  taken  a  few  minutes  before  8  o'clock, 
instead  of  at  9  p.m.  The  barometer,  however,  is  read  at  9  p.m.  As  the  mercury 
in  the  maximum  had  a  tendency  to  run  up  the  tube  when  shaken,  I  recom- 
mended that  the  thermometer  be  mounted  more  on  the  slant  The  thermometer 
screen  soon  gets  very  dirty  owing  to  the  smoky  atmosphere  ;  I  recommended 
that  it  be  cleaned  and  painted.  Dr.  French  takes  the  wind  and  cloud  observa- 
tions. 

WooDFOBD,  September  15. — This  station  is  at  Woodford  House  three  miles 
west-south-west  of  Thrapston,  and  six  miles  east  of  Kettering.  The  instruments 
are  placed  on  the  lawn  in  front  of  the  house,  about  4  ft  from  a  slight  embank- 
ment Mr.  E.  N.  Plevins  has  a  Stevenson  screen  with  thermometers,  a  black- 
bulb  maximum  in  v<tcuo  (about  6  in.  above  ground)  a  Glaisher  rain-gauge,  a 
Campbell-Stokes  sunshine  recorder,  and  an  electrical  recording  cup  anemometer 
by  Cottingham  of  Thrapston.  I  selected  a  site  for  the  sunshine  recorder  in  the 
adjoining  field,  where,  if  raised  some  10  ft  above  the  ground,  it  would  be 
practically  out  of  the  influence  of  trees. 

Wrtde,  Auguet  31. — ^The  mercury  in  the  maximum  was  found  to  be  at  the 
top  of  the  tube.  This  was  due  to  the  thermometer  having  been  tilted  down- 
wards when  being  suspended.  I  explained  to  the  observer  how  to  properly  read 
and  set  the  thermometer.  The  upper  part  of  the  muslin  on  the  wet-bulb  was 
dry.  I  urged  the  observer  to  always  see  that  the  muslin  and  cotton  were  in 
good  condition. 
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APPENDIX  III, 

OBITUARY  NOTICE& 

Alfred  Baldwin  was  the  youngest  son  of  Geoi^  Pearce  Baldwin,  iron 
founder,  of  Stourport,  and  was  bom  in  June  1841.  He  sat  in  the  House 
of  Commons  from  1892  as  Member  for  the  Bewdley  Division  of  Worcester- 
shire. 

Mr.  Baldwin  was  Chairman  of  the  Great  Western  Bailway.  He  was 
also  Chairman  of  "  Baldwin's "  (Limited),  iron  and  steel  and  galvanised 
and  tin  sheet  manufacturers  and  colliery  proprietors. 

He  died  suddenly  of  heart  failure  on  February  13,  1908. 

He  was  elected  a  Fellow  of  this  Society  on  February  20,  1901. 

William  Morris  Beaufort  was  the  youngest  son  of  Admiral  Sir 
Francis  Beaufort,  K.C.B.,  F.R.S.,  who  was  Hydrographer  of  the  Admiralty 
from  1829  to  1855.  He  was  bom  in  London  on  July  20,  1823,  and 
educated  at  St  Paul's  School,  from  whence  he  proceeded  in  1840  to  the 
old  East  India  College,  Haileybuiy.  In  1842  he  left  for  Calcutta^ 
where  he  joined  the  Bengal  Civil  Service,  in  the  judicial  ranks  of  which 
he  served  till  1871,  when  he  retired.  He  settled  shortly  afterwards  in 
the  rooms  at  18  Piccadilly,  where  he  died  on  December  13,  1908.  When 
at  home  on  leave  in  1857  he  joined  the  Bar,  but  he  never  practised. 

He  was  a  member  of  the  Athenaeum  Club,  and  Fellow  of  several 
learned  Societies,  including  the  Astronomical,  Geographical,  Statistical, 
Zoological,  and  Anthropological.  He  was  also  a  Fellow  and  for  some 
time  on  the  Council  of  the  Huguenot  Society,  and  since  1882  a  Director 
of  the  French  Hospital  at  Victoria  Park,  of  which  his  great-grandfather, 
the  Rev.  Daniel  de  Beaufort,  was  a  Director  in  1736.  For  some  years 
he  was  Secretary  of  the  French  School  attached  to  the  French  Protestant 
Episcopal  Church  of  the  Savoy,  in  Shaftesbury  Avenue,  and  until  his 
health  gave  way  less  than  two  years  ago,  he  was  the  Treasurer  of  that 
Church  and  of  its  Poor  Fund,  which  supports  about  fifty  pensioners,  the 
descendants  of  the  Huguenot  refugees. 

He  was  elected  a  Fellow  of  this  Society  on  April  18,  1877,  served 
on  the  Council  from  1883  to  1890,  and  was  Vice-President  in  1885. 

Charles  John  Bromhead  of  the  Close,  Lincoln,  was  bom  in  August 
1840.  Although  suffering  from  total  deafness  almost  from  childhood, 
his  life  was  full  of  varied  interests,  and  he  became  a  considerable  linguist^ 
understanding  French,  German,  and  Norwegian.  About  twenty -five 
years  ago  he  became  devoted  to  the  science  of  Meteorology.  From  1888 
until  his  death  he  had  charge  of  the  Koyal  Meteorological  Society's 
electrical  thermometer  on  the  tower  of  Lincoln  Cathedral,  and  he  con- 
tinuously reported  his  observations  with  the  greatest  assiduity  and  accuracy. 

But  perhaps  the  most  important  work  of  his  useful  life  was  the 
devotion  he  showed  to  the  interests  of  the  deaf  and  dumb.  He  acted  as 
Secretary  to  the  Lincoln  Diocesan  Mission  to  the  Deaf  and  Dumb  from 
its  inception,  the  success  of  which  may  be  entirely  attributed  to  his 
exertions  in  its  cause.  He  was  also  a  member  of  the  Charitable  and 
Provident  Society  for  granting  Pensions  to  the  Aged  Deaf.     He  was  the 
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means  of  obtaining  the  admission  of  many  deaf  and  dumb  children  into 
suitable  schools,  and  afterwards  befriended  them  and  spent  much  money 
in  getting  them  taught  trades  by  which  they  were  enabled  to  earn  their 
own  living.  His  life  was  weU  described  as  "  an  admirably  gallant  and 
good  one."     He  died  July  13,  1908. 

He  was  elected  a  Fellow  of  this  Society  on  December  19, 1888. 

Sir  John  Euot  was  bom  at  Lamesby,  Durham,  on  May  25,  1839. 
He  went  up  to  Cambridge  University  about  1866,  and  took  his  degree 
in  1869.  As  a  young  man  his  health  was  not  robust,  and  he  was 
advised  to  avoid  the  climate  of  England,  so  he  accepted  an  appointment 
in  the  Indian  Government  Service  as  Professor  of  Mathematics  in  the 
Boorkee  Engineering  College.  This  he  held  from  1869  to  1872.  He 
was  than  transferred  to  the  regular  Indian  Educational  Service  as  Pro- 
fessor of  Mathematics  at  the  Muir  Central  College  at  Allahabad,  an 
appointment  which  he  held  from  1872  to  1874.  In  1874  he  was 
appointed  Professor  of  Physical  Science  at  the  Presidency  College, 
Calcutta,  and  combined  this  with  the  post  of  Meteorological  Reporter  to 
the  Covernment  of  Bengal.  On  the  retirement  of  Mr.  H.  F.  Blanford  he 
was,  in  1887,  appointed  Meteorological  Reporter  to  the  Government  of 
India  and  Directoi^General  of  Indian  Observatories^  which  post  he  held 
until  he  retired  in  January  1903. 

As  a  meteorologist  India  owes  him  a  large  debt  of  gratitude.  As 
Meteorological  Reporter  to  the  Gk)vemment  of  Bengal,  he  largely  extended 
the  meteorological  system,  and  introduced  daily  weather  reports  with 
charts  based  on  telegraphic  information.  He  also  instituted  a  compre- 
hensive and  effective  system  of  storm  warnings  for  coast  stations  round 
the  Bay  of  Bengal,  and  of  flood  warnings  for  inland  stations. 

Among  the  more  prominent  of  Sir  John  Eliot's  publications  are 
numerous  accounts  of  cyclones  and  severe  cyclonic  storms  occurring 
within  Indian  Seas ;  also  numerous  meteorological  discussions,  contributed 
chiefly  to  the  Indian  Meteorological  Memoirs,  and  to  the  Journal  of  the 
Asiatic  Society  of  Bengal.  His  last  work  was  The  Climatological  Atlas  of 
India,  published  by  the  authority  of  the  Gk)vemment  of  India ;  while  at 
the  time  of  his  death  he  was  engaged  in  writing  "  A  Handbook  of  Indian 
Meteorology^'  to  accompany  this,  also  to  be  published  under  the  direction 
of  the  Government  of  India. 

He  was  a  member  of  the  International  Meteorological  Committee 
since  1894.  He  was  greatly  interested  in  the  relation  of  cosmical  physics 
to  meteorology,  and  was  Secretary  of  the  International  Solar  Commission. 

Sir  John  EUot  was  elected  a  Fellow  of  the  Royal  Society  in  1895 ; 
he  was  created  a  C.LK  in  1897,  and  was  given  his  KC.LE.  on  his  retire- 
ment in  1903.     He  died  at  Cavalaire,  Yar,  France,  on  March  18,  1908. 

.    He  was  elected  a  Fellow  of  this  Society  on  February  20,  1878,  and 
was  a  member  of  the  Council  in  1904. 

BoBBRT  Lewis  John  Ellert  was  bom  at  Cranleigh  in  Surrey  on 
July  14,  1827.  In  early  life  he  studied  medicine,  but  devoted  much  of 
his  leisure  to  astronomy  and  meteorology.  He  first  went  to  Australia  in 
1851,  and  superintended  in  1853  the  erection  of  a  small  observatory  at 
Williamstown  for  the  Government  of  Victoria,  which  was  constituted  a 
separate  colony  in  that  year,  having  previously  formed  a  part  of  New 
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South  Wales.  The  new  establishmeQt  was  removed  to  a  more  suitable 
site  at  Melbourne  in  1863,  and  Mr.  Ellery  continued  to  direct  its  opera- 
tions until  1895.  Eight  volumes  of  astronomical  and  twenty-eight  of 
meteorological  observations  appeared  under  his  directorate,  besides  two 
valuable  star-catalogues,  which  were  published  in  1874  and  1889. 
Besides  his  astronomical  and  meteorological  work,  Mr.  Ellery  was  much 
occupied  from  1857  to  1870  in  the  geodetic  survey  of  the  colony.  He 
was  elected  a  FeUow  of  the  Royal  Society  in  1873.  He  was  for  twenty- 
three  years  the  President  of  the  Boyal  Society  of  Victoria.  He  organised, 
and  for  a  time  commanded,  the  Victorian  Torpedo  Corps,  now  called  that 
of  the  Submarine  Mining  Engineers ;  in  retiring  from  this  in  1889  the 
rank  of  lieutenant-colonel  was  conferred  upon  him.  On  completing  his 
sixty-eighth  year,  Mr.  Ellery  resigned  the  Directorship  of  the  Observatory, 
but  continued  to  reside  in  Melbourne,  and  held  the  post  of  Chairman  of 
the  Board  of  Visitors  until  his  death,  which  occurred  on  January  14, 
1908.     He  received  the  honour  of  C.M.G.  in  1897. 

He  was  elected  an  Honorary  Member  of  this  Society  on  January  17, 
1894. 

Sir  John  Evans  was  bom  on  November  17, 1823,  at  Britwell  Courts 
Bumham,  Bucks,  and  was  the  son  of  the  Rev.  Dr.  Arthur  Benoni  Evans, 
headmaster  of  the  Grammar  School  at  Market  Bosworth.  He  obtained 
his  education  under  his  father  at  this  school,  and  was  entered  for  matri- 
culation at  Brasenose,  but  an  early  call  to  business  changed  his  career. 
Some  sixty  years  subsequently  he  was  elected  to  an  Honorary  Fellowship 
of  this  college,  which  gave  lum  much  gratification.  His  mother  was  a 
Dickinson,  and  he  commenced  his  business  life  with  the  weU-known  firm 
of  Johu  Dickinson  and  Co.,  paper  manufacturers,  of  Nash  Mills,  Hemel 
Hempstead,  with  which  firm  he  was  connected  all  his  life.  At  the 
residence  adjoining  to  the  works  he  lived  for  more  than  fifty  years. 

His  first  published  work  was  on  The  Coins  of  the  AnderU  BriionSy 
which  appeared  in  1864,  a  supplement  being  added  in  1890.  He  joined 
the  Numismatic  Society  in  1849,  and  became  its  honorary  secretary  in 
1854,  holding  that  office  until  1874,  when  he  was  elected  President^  an 
office  which  he  retained  until  his  death. 

Sir  John  studied  geology  from  his  youth,  and  early  turned  his  atten- 
tion to  the  relation  of  geological  structures  to  water  supply.  He  was  one 
of  the  first  geologists  in  this  country  to  appreciate  the  far-reaching 
importance  of  the  discovery  of  flint  implements  and  its  bearing  on  the 
prehistoric  condition  of  man.  In  1872  he  published  his  monumental 
work  on  The  Ancieni  Stone  Implements^  Weapons^  and  Ornaments  of  Great 
Britain,  a  second  edition  of  which  appeared  in  1897.  In  1881  he  pub- 
lished Ancieni  Bronze  Implements,  Weapons^  and  Ornaments, 

In  1874  he  was  elected  President  of  the  Geological  Society,  and  in 
successive  years  he  filled  the  same  office  in  several  of  the  chief  English 
societies^  viz.  the  Anthropological  Institute  in  1877,  the  Society  of 
Antiquaries  in  1885,  the  Institution  of  Chemical  Industry  in  1892,  the 
British  Association  in  1897,  and  the  Egypt  Exploration  Fund  in  1899. 
He  was  a  correspondent  of  the  Institute  of  France,  a  Trustee  of  the 
British  Museum,  and  Treasurer  of  the  Boyal  Society  from  1878  to  1898; 
also  Chairman  of  the  Lawes  Agricultural  Trust  Committee. 
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The  honour  of  K.C.B.  was  conferred  on  him  in  1892. 
He  died  on  May  31,  1908,  in  the  85th  year  of  his  age. 
Sir  John  Eliot  was  elected  a  Fellow  of  this  Society  on  November  15, 
1876,  and  was  a  member  of  the  Council  in  1877. 

Arthur  Spry  Helps  was  the  son  of  Richard  Helps,  and  was  born  at 
Gloucester  in  1845.  He  was  educated  at  Rugby.  The  rest  of  his  life 
was  spent  as  a  solicitor  in  Gloucester,  and  was  one  of  quiet»  unostentatious 
devotion  to  duty. 

He  took  a  great  interest  in  meteorology,  and  kept  rainfall  records 
for  a  number  of  years. 

He  died  in  a  railway  accident  on  September  12,  1908. 

Mr.  Helps  was  elected  a  Fellow  of  this  Society  on  February  15,'  1893. 

Albert  Lancaster  was  born  at  Mons  on  May  24, 1849,  and  in  1866 
entered  upon  service  at  the  Royal  Observatory,  Brussels,  imder  the  dis 
tinguished  Director  Adolphe  Quetelet  In  1898  he  was  appointed 
Director  of  the  Meteorological  Service,  which  post  he  held  till  his  death 
on  February  3,  1908. 

M.  Lancaster  had  a  great  aptitude  for  the  discussion  of  figures,  and 
made  a  special  study  of  climatology.  He  contributed  numerous  papers 
on  this  subject  to  the  Annuaire  and  to  the  Armales  of  the  Observatory, 
and  also  to  the  BtUletins  of  the  Belgian  Royal  Academy.  In  1895  he 
prepared  an  elaborate  rainfall  map  of  Belgium,  and  in  1898  he  compiled, 
in  conjunction  with  M.  K  Meuleman,  a  work  on  the  climate  of  the 
Congo. 

M.  Lancaster  took  a  large  share  in  the  founding  of  the  fortnightly 
publication  Cid  et  Terre^  which  is  a  popular  review  of  astronomy, 
meteorology,  and  physics  of  the  globe.  He  continued  to  take  the 
greatest  possible  interest  in  this  periodical  up  to  the  time  of  his  death. 

In  1903  he  became  a  member  of  the  International  Meteorological 
Committee. 

He  was  elected  an  Honorary  Member  of  this  Society  on  March  21, 
1900. 

George  T.  Livesey  was  born  at  Islington  on  April  8,  1834,  and  was 
the  eldest  son  of  Thomas  Livesey,  Secretary  of  the  South  Metropolitan 
Gas  Company.  At  the  age  of  fourteen  he  himself  entered  the  service  of 
the  company,  of  which  he  became  chairman  in  1883.  His  whole  life 
was  devoted  to  the  business  of  gas-making.  He  introduced  the  system 
of  co-partnership  among  the  employees  of  the  company,  which  has  been  a 
great  success. 

He  received  the  honour  of  knighthood  in  1903. 

Sir  G.  Livesey  was  a  member  of  the  Labour  Commission  1891-4,  and 
served  on  the  War  Office  Committee  on  the  Employment  of  ex-Soldiers, 
1908. 

He  died  on  October  4,  1908. 

He  was  elected  a  Fellow  of  this  Society  on  January  16,  1889. 

flLEUTHiRE  £lie  Nicolas  Masgart  was  born  at  Quarouble,  near 
Valenciennes,  on  February  20,  1837.  He  was  a  scholar  of  the  £cole 
normale  sup^rieure,  and  took  his  degree  of  doctor  of  Science  in  1864. 
His  first  post  was  that  of  conservator  of  the  collections  in  the  £cole 
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normale.  Then  he  became  Professor  of  Physics  in  the  Lyc^  de  Ver- 
sailles,  and  subsequently  at  the  College  ChaptaL  Mascart  also  acted  as 
deputy  for  Prof.  Regnault  at  the  College  de  France  during  the  later  years 
of  that  great  master ;  and  in  1872  succeeded  him  as  Professor  of  Physics. 
Devoted  to  experimental  physics,  and,  like  his  master,  possessed  of  a  great 
capacity  for  the  methodical  and  patient  treatment  of  details,  he  early 
made  his  mark  in  the  scientific  study  of  meteorology.  In  May  1878  he 
was  appointed  Director  of  the  Central  Bureau  of  Meteorology  in  Paris, 
and  he  filled  this  post  for  nearly  thirty  years,  retiring  only  in  1907.  He 
succeeded  in  the  face  of  numerous  difficulties  in  gradually  perfecting  the 
equipment  and  organisation  of  the  Bureau,  and  in  establishing  the 
systematic  publication  in  France  of  weather-charts  and  weather  forecasts. 

In  1884  he  was  elected  to  the  Academic  des  Sciences,  of  which  he 
became  an  active  member,  being  at  various  times  vice-president,  permanent 
secretary,  and  in  1904,  president.  Being  a  man  of  affairs,  he  was 
frequently  in  request  to  advise  the  Government  on  matters  within  his 
competence.  He  was  Vice-president  of  the  Consultative  Committee  on 
Arts  and  Manufactures,  and  President  on  the  Commission  of  Inventions 
for  the  War  Ministry.  He  was  also  a  member  of  the  Bureau  of  Longi- 
tudes, and  of  the  International  Bureau  of  Weights  and  Measures.  In 
recognition  of  his  public  services  he  was  created  Grand  Officer  of  the 
Legion  of  Honour.  He  took  a  prominent  part  in  organising  the  sections 
of  the  Exhibitions  of  1889  and  1900,  and  in  the  latter  year  was  Presi- 
dent of  the  Electrical  Congress  which  met  in  the  Exhibition.  He  was 
a  member  of  the  Chicago  Congress  in  1893,  after  which  he  paid  a  visit 
to  the  Yellowstone  Park.  He  was  President  of  the  Soci^t^  fran^aise  de 
Physique,  and  at  another  time  of  the  Soci^t^  Internationale  des  £lectriciens. 

Mons.  Mascart  was  elected  in  1885  an  Honorary  Member  of  the 
Physical  Society  of  London;  in  1892  Foreign  Member  of  the  Royal 
Society;  in  1900  Vice-President,  and  in  1901  Honorary  Member  of  the 
Institution  of  Electrical  Engineers. 

Prof.  Mascart  was  appointed  a  member  of  the  International  Meteoro- 
logical Committee  in  1878,  and  was  President  from  1896  until  1907. 

He  died  at  Poissy  on  August  26,  1908. 

He  was  elected  an  Honorary  Member  of  this  Society  on  December  16, 
1896. 

Josef  Maria  Pernter  was  born  on  March  15,  1848,  at  Neumarkt, 
Tyrol.  He  entered  the  novitiate  of  the  Society  of  Jesus  in  1864,  and 
became  Professor  of  Physics  at  several  colleges.  He  left  the  Society  in 
1877,  and  joined  the  Central  Meteorological  Institute  of  Vienna  in  1880, 
and  was  appointed  assistant  in  1884.  He  obtained  his  degree  of  Doctor 
of  Philosophy  in  1882.  He  was  made  Professor  of  Cosmical  Physics  at 
Innsbruck  University  in  1890 ;  and  on  the  retirement  of  Dr.  J.  Hann  in 
1897  he  was  appointed  Professor  of  Meteorology  and  Geodynamics  at 
the  University,  and  Director  of  the  Central  Meteorological  Institute  at 
Vienna. 

Dr.  Pernter  wrote  many  valuable  papers  on  various  meteorological 
subjects  which  were  printed  in  the  publications  of  the  Vienna  Academy 
or  the  Meteorologische  ZeiUchrift,  He  also  published  an  elaborate  work  on 
Meteorological  Optics. 
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Dr.  Pemter  was  appointed  a  member  of  the  International  Meteoro- 
logical Committee  in  1898,  and  he  was  President  of  the  Conference  of 
Directors  of  Meteorological  Institutes  and  Observatories,  which  was  held 
at  Innsbruck  in  1905. 

He  died  after  a  long  illness  at  Arco,  South  Tyrol,  on  December  20, 
1908. 

He  was  elected  an  Honorary  Member  of  this  Society  on  January  17, 
1906. 

Mrs.  Enriqueta  Eylands  was  the  daughter  of  Mr.  Stephen 
Tennant,  and  was  born  in  Havana.  In  1875  she  married  Mr.  John 
Eylands  of  Longford  Hall,  Lancashire,  the  great  Manchester  merchant. 
Before  her  marriage  to  Mr.  Eylands  she  had  acted  as  his  secretary.  At 
his  death  in  1888  she  succeeded  to  his  great  wealth,  of  which  throughout 
the  remainder  of  her  life  she  spent  large  sums  in  works  of  public  useful- 
ness and  philanthropy. 

The  John  Eylands  Library  in  Deansgate,  Manchester,  was  erected 
to  her  husband's  memory  without  regard  to  cost.  It  has  been  described 
as  one  of  the  most  beautiful  buildings  in  Europe,  and  at  the  opening 
ceremony,  in  October  1899,  Principal  Fairbairn  of  Mansfield  College, 
Oxford,  who  delivered  the  inaugural  address,  spoke  of  it  as  *'  the  most 
marvellous  thing  in  history  as  a  tribute  of  a  wife's  admiration  of  her 
husband  and  her  devotion  to  his  memory."  The  work  of  building  had 
been  in  progress  about  two  years  when  Mrs.  Eylands  purchased  the 
Althorp  Library,  for  which,  it  is  understood,  Lord  Spencer  had  refused  a 
tempting  American  offer.  This  library  of  40,000  books,  including  Bibles 
in  300  languages  and  a  fine  collection  of  early  printed  works,  is  the 
nucleus  of  a  rare  collection  now  numbering  at  least  100,000  volumes,  for 
Mrs.  Eylands  was  never  tired  of  adding  to  the  treasures  of  the  collection. 
In  recognition  of  her  gifts  to  the  city  the  Manchester  Corporation  con- 
ferred the  honorary  freedom  on  Mrs.  Eylands,  and  she  received  the  degree 
of  Litt.D.  from  Victoria  University.  Among  her  numerous  benefactions 
was  one  of  £25,000  to  the  forward  movement  of  the  Congregational 
Church.  All  her  gifts  were  made  in  the  most  secret  manner  possible,  and 
though  her  name  appeared  for  large  sums  in  all  Manchester  subscription 
lists,  the  extent  of  her  benefactions  will  never  be  known. 

Mrs.  Eylands  died  at  Torquay  on  February  4, 1908.  She  was  elected 
a  Fellow  of  this  Society  on  January  19,  1898. 

James  Lidderdale  Scott  was  the  son  of  Andrew  Scott,  and  was 
born  in  Edinburgh  in  1848.  At  the  age  of  twenty-one  he  joined  a 
mercantile  firm  in  Shanghai,  and  continued  to  live  there  until  a  few 
weeks  before  his  death.  At  the  age  of  forty,  though  a  very  busy  man, 
he  commenced  the  study  of  astronomy,  and  devoted  such  time  as  could 
be  spared  to  the  measurement  of  double  stars.  He  made  many  valuable 
measures,  which  he  sent  to  the  British  Astronomical  Association  and  to 
the  Eoyal  Astronomical  Society.  Leaving  China  early  in  1908,  he 
succumbed  to  an  illness,  dying  on  board  ship  on  April  16,  at  the  age 
of  sixty. 

He  was  elected  a  Fellow  of  this  Society  on  February  19,  1902. 

Sir  Sighard  Stbachey  was  bom  at  Sutton  Court  on  July  24,  1817, 
and  was  the  third  son  of  Edward  Strachey  of  the  Bengal  Civil  Service. 
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In  1834  he  entered  the  Indian  Military  Academy  at  Addiscombe,  and 
two  years  later  he  left  it  at  the  head  of  his  chiss,  with  a  commission  in 
the  Bombay  Engineers.  On  reaching  India  he  served  for  a  short  time  at 
Poona,  and  in  1839  he  was  transferred  to  the  Bengal  Engineers.  In  the 
following  year  he  was  posted  to  the  Jumna  Canal,  one  of  the  first 
large  irrigation  works  undertaken  by  the  Indian  (Government  He  was 
next  transferred  to  Hurdwar  as  executive  engineer  of  the  Granges  Canal, 
which  had  been  begun  in  1842  by  Sir  Proby  Cautley.  This  peaceful 
work  was  interrupted  by  the  first  Sikh  War  (1845-46),  and  Strachey 
was  attached  to  Sir  Harry  Smith's  division.  At  the  battle  of  Aliwal 
(January  28,  1846)  his  horse  was  shot  under  him.  He  made  the 
authoritative  plan  of  the  Sikh  position  before  the  decisive  battle  of 
Sobraon,  and  assisted  in  the  construction  of  the  bridge  across  the  Sutlej, 
whereby  the  British  troops  entered  the  Sikh  territory.  He  received  his 
brevet  majority  for  these  services,  and  when  peace  was  made  returned  to 
his  work  on  the  Ganges  Canal.  But  frequent  attacks  of  fever  compelled 
him  to  go  to  the  hill  station  of  Naini  Tal,  a  retirement  which  led  to  some 
interesting  scientific  work. 

After  a  short  period  of  irrigation  work  in  Bundelkhund,  Strachey 
became  in  1856  Acting  Secretary  to  Government  in  the  Public  Works 
Department.  In  the  great  convulsion  of  the  Indian  Mutiny  in  the 
following  year  all  peaceful  work  was  naturally  in  abeyance,  and  when  Mr. 
(afterwards  Sir)  John  Peter  Grant  was  placed  in  charge  of  the  provisional 
government  of  the  Central  Provinces,  with  headquarters  at  Allahabad,  he 
chose  Strachey  as  his  Secretary  in  all  departments  of  Government. 

Subsequently  Lord  Canning  himself  came  to  Allahabad,  and  Grant 
went  to  Calcutta  to  take  up  another  post.  Strachey,  however,  still 
remained  at  Allahabad,  and  was  occupied  in  the  restoration  of  that  city, 
which  had  suffered  much  in  the  Mutiny.  His  ability  was  by  now 
universally  recognised  in  India,  and  he  acted  for  a  time  in  Lord  Canning's 
(Government  as  Secretary  of  Public  Works,  on  behalf  of  Sir  Henry  Yule, 
although  his  actual  official  title  was  Consulting  Engineer  for  Railways. 

On  Strachey 's  leaving  India  in  1871,  Lord  Mayo's  Government  took 
the  unusual  course  of  thanking  him  for  his  valuable  services,  and  on  his 
return  to  England  he  was  appointed  Inspector  of  Railway  Stores  at  the 
Indian  Office.  In  1875  he  was  nominated  by  Lord  Ssdisbury  to  the 
Indian  Council,  and  in  1876  he  retired  from  the  army  with  the  rank  of 
Lieutenant-General. 

Although  he  had  retired  from  permanent  office  in  India  he  returned 
there  in  1877  on  a  mission  connected  with  the  purchase  of  the  East 
Indian  Railway  by  the  Government,  and  remained  until  1879,  having 
been  appointed  President  of  the  Famine  Commission,  and  subsequently 
temporary  Finance  Minister  in  place  of  his  brother  Sir  John  Strachey. 

In  1889  Lieut. -General  Strachey  resigned  his  life-tenure  of  member- 
ship of  the  Indian  Council,  to  which  he  had  been  appointed  by  Lord 
Cranbrook,  in  order  to  take  up  the  Chairmanship  of  the  East  Indian 
Railway  Company.  Under  his  leadership  the  mileage  of  the  East  Indian 
Railway  rose  from  1600  to  2700  miles,  and  it  became  one  of  the  most 
prosperous  railways  in  the  world.  He  was  also  Chairman  of  the  Assam- 
Bengal  Railway;  and  he  only  resigned  these  positions  in  1907,  when 
nearly  ninety  years  of  age. 
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Sir  Richard  was  elected  a  Fellow  of  the  Royal  Society  in  1854. 
In  1873  he  became  a  member  of  the  Meteorological  Council,  and  was 
appointed  Chairman  in  1883,  a  post  he  continued  to  hold  until  the 
Council  ceased  to  exist  in  1905.  In  1884  he  represented  Great  Britain 
at  the  Prime  Meridian  Conference  at  Washington.  He  was  President 
of  the  Royal  Geographical  Society  during  1888-90. 

He  was  the  author  of  several  works  on  geography,  and  also  on  geology 
and  botany,  as  well  as  numerous  papers  on  meteorological  subjects. 

He  was  awarded  the  Symons  Gold  Medal  of  the  Royal  Meteorological 
Society  in  1906. 

In  1866  he  was  made  a  Companion  of  the  Star  of  India,  and  in 
1897  he  was  advanced  to  the  highest  grade  of  the  Order,  the  Grand 
Commandership. 

He  died  on  February  12,  1908. 

Sir  Richard  Strachey  was  elected  a  Fellow  of  this  Society  on 
January  20,  1875,  and  his  portrait  appears  in  vol.  32  of  the  Quarterly 
Jowmal 


APPENDIX  IF. 

PURCHASES   DURING   THE   YEAR    1908. 
Books. 

Cartes  Synoptiques  Joumali^res  dn  Temps  embrassant  le  Nord  de  TAtlantique  et 
une  partie  om  continents  aroisinants.     December  1900  to  November  1901. 

Uabrinoton,  M.  W.— About  the  Weather.  Appleton's  Home  Beading  Books,  8vo. 
New  York,  1907. 

Inteknational  Catalogue  of  Scientific  Literature.— Fifth  Annual  Issue, 
F.  Meteorology. 

New  York,  State  Education  Department.  —  Handbook  26.  Secondary 
Education.  Directions  for  performing  the  Laboratory  Exercises  contained  in  the 
syllabus  for  Physical  Gec^praphy,  September  1906.     8vo.     (New  York,  1906.) 

On  the  Weather.  £xcerpt  from  the  Saturday  Magazinej  August,  October,  and 
December,  1886.  > 

Pernter,  J.  M.— Meteorologische  Optik,  Abt.  1-2.     8yo.     Wien  und  Leipzig,  1902. 


APPENDIX   V. 
DONATIONS   RECEIVED   DURING  THE   YEAR    1908. 

1.  Books  and  Pamphlets. 
Presented  by  Societies^  InstitiUione,  etc. 

Aachen,  Mbteorolooisches  Obseryatorium.— Deutsches  meteorologlBches  Jahr- 
buch,  Aachen,  1906. 

Adelaid]^  Observatory. — Meteorological  Observations  made  at  the  Adelaide 
Observatory  and  other  places  in  South  Australia  and  the  Northern  Territoiy,  1905. 

Antwerp,  Expi^dition  Antarctique  BELOE.~Resultats  du  Voyage  du  S.  Y.  Bekfica 
en  1897-1899.    Rapports  scientifiques,  Geologic,  Oc^anographie  et  Physique  du  Globe. 

Baltimore,  Maryland  Weather  Service.  ^Volumell. 

Banoalorb,  Central  Observatory. —Mysore  Meteorological  Memoirs,  No.  2.— 
Report  on  the  Rainfall  R^istration  in  Mysore,  1907. 

Barbados,  Colonial  Seoretart's  Office. — Returns  of  Rainfall  in  Barbados,  1908. 

Batavia,  Magnetical  and  Meteorological  Observatory.  —  Observations, 
1906.— Rainfall  in  the  East  Indian  Archipelago,  1906. 
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Berlin,  Dbutbchk  hetborolooischb  Gbsellschaft. — Meteorologiache  Zeitschrift, 
Deo.  1907  to  Nov.  1908. 

Berlin,  Gebbll«chaft  fOr  Erdkunde.— Zeitschrift,  1907,  No.  10,  to  1908,  No.  9. 

Berlin,  KdNioLiCH-pREUSfiiBCHEs  hbteorolooisches  Institdt. — Bericht  uberdie 
D&ti^keit,  1907. — Bericht  iiber  die  Versammlang  dee  Interaationalen  Meteorologischen 
Komitees,  Paris,  1907.~Deut8che8  meteorolofliaches  Jahrbach,  1906-7,  Preiusen  and 
benachbarte  Staaten. — Ergebnisse  der  Beobacntangen  an  den  Stationen  II.  und  III. 
Ordnnng,  1902.— Ergebnisse  der  raagnetischen  Beobaohtnngen  in  Potsdam,  1905. — 
Ergebnisse  der  meteorologischen  Beobachtungen  in  Potsdam,  1904. — Ergebnisse  der 

BiDSTON,  Liverpool  Obseeyatory. — Report  of  the  Director,  1906. 

Birhinoham  and  Midland  lN8TiTxrTE.~Record8  of  Meteorological  Obserrations 
taken  at  the  Observatory,  Edgl)aston,  1907. 

BoGNOE,  Climatolooical  Society.  Bognor  Urban  District.  Annual  Report  of 
the  Medical  Officer  of  Health  and  the  Report  of  the  Glimatological  Society,  1907. 

BoLOONA,  OsHEKVATORio  DELLA  R.  UniverbztA. — Osservazioni  Meteorologiche,  1906. 

Bordeaux,  SociAt^  d'oc^anooraphie  du  Golfe  de  Gascogne. — Rapports 
prtent^  k  r Assemble  g^n^rale  de  Janvier,  1907,  et  F^vrier,  1908. 

Bremen,  Meteorolooisohe  Station. — Deutsches  Meteorologisches  Jahrbuch, 
1907.    Freie  Hansestadt,  Bremen. 

Brisbane,  Government  Statistician.— Vital  statistics,  1906. 

Brussels,  AcadAmie  Royale  de  Beloique.— Annnaire,  1908.— Bnlletin  de  la 
olasse  des  sciences,  1907,  No.  9,  to  1908,  No.  8. 

Beusselm,  Observatoire  Royal  de  Belgiqve. — Annuaire  m^t^rologiqne,  1908. — 
Annales  M^t^orologiques,  80,  Fasc.  4. 

Brussels,  Service  MisTioROLOGiQUE  de  Beloique. — Nouvelles  recherches  sor  la 
temperature  climatologique,  par  J.  Vincent. 

Bucharest,  Institut  M^tAorolooique  de  Roumanie. — Buletinul  Lunar  al 
Observatiunilor  Meteorologice  din  Romania,  1906. 

Buitenzorg,  Institut  botanique  de  l'^at.— Observations  m^t^orologiques,  1907. 

Burton-on-Trent,  Natural  History  Society. — ^Transactions,  6,  part  1. 

Oairo,  Soci£ti£  EHtoiviALE  DE  GAoGRAPHiE.— Bulletin,  7,  Nos.  1  and  2. 

Cairo,  Survey  Department,  Public  Works  Department. — Diagram  of  the  Nile 
Gauge  Readings  for  the  year  1908,  compared  with  the  mean  curve  of  past  years.— 
Meteorological  Report,  1905  and  1906,  parts  1  and  2.— Magnetic  Observations  made 
April  to  December  1907  at  Helwan  Observatory. 

Calcutta,  Meteorological  Office.— A  Brief  History  of  the  Cyclone  at  Calcutta 
and  Vicinity,  October  5, 1864.— Indian  Daily  Weather  Charts,  Dec.  1, 1907,  to  Nov.  80, 
1908.— Indian  Monthly  Weather  Review,  Jan.  1907  to  Apr.  1908.— Indian  Meteorological 
Memoirs,  20,  parts  2  and  4.— Memorandum  on  the  Meteorological  conditions  prevailing 
in  the  Indian  Monsoon  Region  before  the  advance  of  the  South-west  Monsoon  of  1908, 
with  an  estimate  of  the  probable  Distribution  of  the  Monsoon  Rainfall,  1908. — 
Memorandum  on  the  Meteorological  conditions  prevailing  in  the  Indian  Monsoon 
Re^on  during  the  first  half  of  the  South-west  Monsoon  Period  of  1908  with 
anticipations  regarding  the  Monsoon  Rainfall  during  Aug.  and  Sept  1908. — 
Memorandum  on  the  Meteorology  of  India  during  October  and  November  1907. — 
Meteorological  Atlas  of  the  Indian  Seas  and  the  North  Indian  Ocean.— Rainfall  of 
India,  1906. 

Cambridge,  Mass.,  Astronomical  Observatory  of  Harvard  College.— Peruvian 
Meteorologv :  Observations  at  the  Arequipa  Station,  1892-1895.  Observations  made 
at  the  Auxiliary  Stations,  1892-1895. 

Cape  Town,  South  African  Philosophical  Society.- Transactions,  17,  part  2 ; 
18,  parts  2-8. 

Caradoo  and  Severn  Valley,  Field  Club. — Record  of  Bare  Facts,  1906. 

Carlsruhe,  Central  Bureau fOr  Mbteorolooie  im  Qrossherzoothum  Baden.— 
Anleitung  fUr  die  Meteorologischen  Stationen  im  Grossherzogthum  Baden. — Jahrbuch, 
1907.— Niederschlags-Beobachtungen  der  meteorologischen  Stationen,  1907,  part  2. 

Christiania,  Sorweoisches  meteorologisches  Institut.— Jahrbuch,  1907. — 
Nedboriagttagelser  i  Norge,  1907. 

Colorado,  College  Observatory. — Annual  Meteorological  Summary,  1907. 

Copenhagen,  Danbk  Meteorologisk  Institut. — Bulletin  m^t^orologique  da 
Nord,  Nov.  1907  to  Oct.  1908.— Nautisk-Meteorologisk  Aarbog,  1907.— Meteorolc^sk 
Aarbo^  1905,  part  2  ;  1907,  part  1. 

Cornwall  County  Council,  Sanitary  Committee.- Monthly  Report,  Dec 
1907  to  Nov.  1908. 

Cracow,  K.  K.  Sternwarte.— Meteorologische  Beobachtungen,  Nov.  1907  to  Nov. 
1908. 

Croydon,  Natural  History  and  Scientific  Society.- Daily  Rainfall  in  the 
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Croydon  District,   Nov.   1907  to  Oot.   1908. —Report  of  th«  Meteorological  Sub- 
committee, 1907. 

Davos  PlaTz,  Kurtsbbik.— Davoser  Wetterkarte,  Nov.  1907  to  Nov.  1908. 

Dkhra  Dun,  Trioonometbical  Subvbt  of  India.— Account  of  the  operations,  18. 

Dresden,  Koniol.  Saohs.  Landes  -  wbttbrwarte.— Dekaden  Monatsberichte, 
1906-1907.— Deutsches  Meteorologisohes  Jahrbuch  1908-1904.     Konigreich  Sachsen. 

Dublin,  Rotal  Irish  Academy.— Proceedings,  27,  Nos.  4  to  9. 

Edinburgh,  General  Register  Office.— Quarterly  Returns  of  the  Births, 
Marriages,  and  Deaths  registered  in  Scotland,  for  the  year  ending  Sept  80,  1908. 

Edinburgh,  Highland  and  Agricultural  Society  of  Scotland.— Transactions, 
ao,  1908. 

Edinburgh,  Royal  Scottish  Geographical  Society.— Scottish  Geographical 
Magazine,  1908. 

Edinbubgh,  Royal  Society.— Proceedings,  as,  Nos.  1  to  9.— The  Temperature  of 
the  Fresh -water  Lochs  of  Scotland,  with  special  reference  to  Loch  Ness,  by  E.  M. 
Wedderbum. 

Edinbubgh,  Scottish  Meteobological  Society. — Journal,  Third  Series,  No.  26, 
1907. 

Edinbubgh,  Scottish  Oceanographical  Laboratory.  —  Scottish  National 
Antarctic  Expedition.  Report  on  the  Scientific  Results  of  the  Voyage  of  the  S.  Y. 
Scotia^  a,  Physics. 

Felstsd,  School  Scientific  Society.— Report,  1907. 

Geneva,  SociJfrr^  de  GtooRAPHiE. — Coup  d'oeil  sur  la  Soci^t^  de  Geographic  de 
Geneve  depuis  sa  fondation  en  1858. — Le  Globe,  47. 

Glasgow,  Royal  Philosophical  Society.— Proceedings,  1906-1907. 
.    Greenwich,  Rgyal  Observatory.— Magnetical  and  Meteorological  Observations. 
1906.— Report  of  the  Astronomer-Royal  to  the  Board  of  Visitors,  June  8,  1908. 

Grenada,  Colonial  Secretary's  Office. — Meteorological  Observations  taken  at 
Richmond  Hill,  Grenaila,  April  to  Oct.  1908. 

Hambubg,  Deutsche  Seewabte.  —  Annalen  der  Hydrographie  und  maritimen 
Meteorologie,  1908. — Aus  dem  Archiv,  1907,  Nos.  1  to  8. — Deutsche  uberseeische 
meteorologische  Beobachtungen,  Heft  15-16. — Ergebnisse  der  meteorologdschen  Beobach- 
tungen,  1906. — Jaliresbericht,  1907. — Tabellarische  Reiseberiohte  nach  den  meteoro- 
logischen  Schiffst^buchem,  1906-1907. — ^Wetterbericht,  1908. 

Hong-Kong,  Obsebvatoby.— Abstract  of  Meteorological  Observations,  Nov.  1907 
to  Oct.  1908. — China  Coast  Meteorological  Register,  1907. — Meteorological  Observations, 
1907. 

Indo- Chine,  Obsebvatoibe  Centbal  Mi^ti^obologiqub  et  MAGNifrriQUE. — 
Bulletin  Mensuel  des  Observations,  Jan.  1907. 

Innsbbuck,  Meteobolooischr  Obsebvatobium.— Beobachtungen,  1908, 1904, 1905. 

Jagny,  Obsebvatoibe  de  Chevbeuse. — M^t^rologie. — R^um^  des  Observations, 
1908-1907. 

Jamaica,  Government  Meteobolooist. — Weather  Report,  Se^t  1907  to  Sept.  1908. 

Jersey,  Obsebvatoibe  St. -Louis.  —  Bulletin  des  observations  magn^tiques  et 
met^rologiques,  1907. 

Kansas  City,  Intebnational  Weatheb  Bubeau.— The  Earth's  Temperature  for 
the  years  1908,  1909,  and  1910. 

Lagos,  Survey  Depabtment. — Southern  Nigeria,  Meteorological  Returns,  Jan.  to 
July,  1908. 

Leon,  Obsbbvatobio  meteobol6oico.— Boletin  mensual,  Dea  1907  to  Oct  1908. 

LiNDENBERG,  K.  Preuss.  Aeronautischen  Obsebvatobium.  —  Ergebuisse  der 
Arbeiten  im  Jahre  1906. 

Lisbon,  Obsbbvatobio  do  Infante  D.  Luiz.— Boletim  Meteorologleo,  1908.— 
Observa9de8  dos  Postos  Meteorologicos,  Anno  de  1892,  1893. 

Lisbon,  Sociedade  de  Geogbaphia.— Boletim,  26,  No.  11  to  27,  No.  8.— A  Riqueza 
Petrolifera  d'Angola. 

LiVEBPOOL,  Cobpobation  Tbamways. — Annual  Report  of  the  Traffic  Manager,  1907. 

LiVEBPOOL,  Institute  of  Commercial  Research  in  the  Tbopics.— Quarterly 
Journal,  8,  No.  6. 

London,  Admibalty  Hydbogbaphic  Depabtment.— List  of  Oceanic  Depths 
received  at  the  Admiralty  during  the  year  1907. 

London,  Aeronautical  Society.— Aeronautical  Journal,  1908. 

London,  Aibship  Newspapeb  Co.— The  Airship  and  Aeronautical  Engineer,  1, 
Nos.  1  and  2. 

London,  Association  of  Wateb  Engineers.— Transactions,  la. 

London,  Boabd  of  Agbioultube  and  Fishebies.— Annual  Report  of  Proceedings 
under  Acts  relating  to  Sea  Fisheries,  1906.— Agricultural  Statistics,  1907,  Journal,  14, 
Nos.  10  to  16,  No.  8. 
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London,  British  Association.— Report,  1907. 

London,  British  Balneolooical  and  Climatolooioal  Sogikty.— The  Joonial  of 
Balneology  and  Climatology,  1908. 

London,  Gknbral  Rioistbr  Office. — Quarterly  Returns  of  Marriages,  Births,  and 
Deaths  for  the  year  ending  Sept  80, 1908.— Weekly  Returns  of  Births  and  Deaths,  1908. 

London,  Gbolooical  Sooibtt.— Quarterly  Journal,  1908.— Geological  Literature, 
1908.— The  History  of  the  Geological  Society  of  London,  by  H.  B.  Woodward. 

London,  India  Office.  — Schlich's  Manual  of  Forestry,  6,  2  ed. 

London,  Institute  of  Sanitary  Enoineebs. — Journal,  ll,  part  4  to  la,  part  3. 

London,  Institution  of  Ciyil  Enoineebs.- Floods  in  Southern  India,  by  J.  M. 
Lacey. 

London,  Institution  of  Electrical  Enoinbbbs. — Journal,  Nos.  187  to  192. — 
The  KelYin  Lecture,  by  Prof.  S.  P.  Thompson. 

London,  Metbobolooioal  Office.— Daily  Weather  Reports,  1908.— Hourly  Read- 
ings at  the  four  Obserratories  in  connexion  with  the  Meteorological  Office,  1907. — 
Instmction»  for  Meteorological  Telegraph y. — Memorandum  on  the  Requirements  of  a 
Normal  Climatolo|;ical  Station. — Meteorological  Observations  at  Stations  of  the  Second 
Order,  1908-4. — Meteorological  Charts  of  the  Southern  Ocean  between  the  Cape  of  Good 
Hope  and  New  Zealand,  2nd  edit — Monthly  Meteorological  Charts  of  the  Indian  Ocean 
North  of  16"  S.  Lat.  and  Red  Sea,  1908.— Monthly  Meteorological  Charts  of  the  North 
Atlantio  and  the  Mediterranean,  1908. — Monthly  Weather  Report,  Circular  to  Contribut- 
ing ObserYers. — Observations  at  Stations  of  the  Second  Order  and  at  Anemograph  Stations, 
Jan.  to  Oct.  1908. — Report  on  the  International  Meteorological  Conference  at  Innsbruck, 
September  1905. — ^Report  of  the  Meteorological  Committee  for  the  year  ending  March 
81,  1908. — Report  on  the  Calculation  of  Wind  Velocity  from  Pressure  Distribution,  and 
on  the  Variation  of  Meteorological  Elements  with  Altitude,  by  E.  Gold. — ^The  Observer's 
Handbook.— Weekly  Weather  Reports,  1908.— Ceylon  Administration  Reports,  1907; 
Meteorology. — Administration  Report  of  the  Meteorologist,  Calcutta,  1906-1907.— 
Annual  Report  of  the  Department  of  Agriculture  of  the  Province  of  Alberta,  1905-6. — 
Brief  Sketon  of  the  Meteorology  of  the  United  Provinces  and  adjacent  parts  of  Rajputana 
and  the  Punjab,  1906. 

London,  Metropolitan  Water  Board. — 5th  Report. 

London,  Physical  Society.— Proceedings,  Nos.  124-125. 

London,  Royal  Agricultural  Society. --Joumal,  1907. 

London,  Royal  Astronomical  Society.— Monthly  Notices,  1908. 

London,  Royal  Botanic  Society.— Quarterly  Record,  Dec  1907  to  Sept.  1908. 

London,  Royal  Geographical  Society. — Geographical  Journal,  1908. 

London,  Royal  Institution  of  Great  Britain.— Proceedings,  18,  part  8. 

London,  Royal  Sanitary  Institute.- Journal,  28,  No.  12,  to  29,  No.  11. 

London,  Royal  Society. — National  Antarctic  Expedition,  1901-1904.  Meteorology, 
part  1 :  Physical  Observations  with  Discu-^tsions  by  various  Authors. — Proceedings,  Nos. 
536  to  549. 

London,  Royal  Society  of  Arts.— Journal,  1908. 

London,  Royal  Statistical  Society.— Quarterly  Journal,  Dec.  1907  to  Sept  1908. 

London,  Solar  Physics  Committee.  —  Monthly  Mean  Values  of  Barometric 
Pressure  for  73  selected  Stations  over  the  Earth's  Surface. — Report  made  to  the  Solsr 
Physics  Committee  by  Sir  Norman  Lockyer  upon  the  work  done  in  the  Solar  Physics 
Oliservatory,  South  Kensington,  from  January  1  to  December  31,  1907. 

Madrid,  Instituto  central  meteorol6oico.— Boletin,  1908.— Resumen  de  las 
Observaciones  Meteorologicas,  1906<7. 

Madrid,  Observatorio.- Anuario,  1908. 

Madrid,  Sociedad  GeogrAphica. — Boletin,  49,  No.  4,  to  60,  No.  3. — Revista  de 
geografia  colonial  y  mercantil  publicada  por  la  secci<Sn  de  geografia  comercial,  Actas  de 
fas  sesiones  celebradas  por  la  sociedad  por  la  junta  directiva  y  por  las  secciones  4,  No. 
12  to  6,  No.  10. 

Manchester,  Godlee  Observatory.— Report,  1907. 

Manchester,  Literary  and  Philosophical  Society. — Memoirs  and  Proceedings, 
62,  Nos.  1-3. 

Manchester  University,  Meteorological  Department.— Report  on  the  In- 
vestigation of  the  Upper  Atmosphere  carried  out  at  the  Howaixi  Estate  Observatory, 
Glossop,  1906-1907,  and  Jan.  to  Sept.  1908. 

Manila,  Philippine  Weather  Bureau.— Annual  Report  of  the  Director,  1905, 
part  2.— Bulletin,  Feb.  1907  to  Jan.  1908.— Curvas  meteorograficas  1884,  1885,  1886, 
1887,  1888. — Interesting  Climatological  data  concerning  the  Weather  of  Manila. — La 
meteorologia  en  la  Eznosicion  Colombina  de  Chicago  (1893),  por  Pp.  F.  Fanra  y  J. 
Algue.— Observaciones  Magneticas  en  la  Paragua,  Jolo  y  Mindanao,  1888. — Observaciones 
venficadas,  July  to  Deoember  1879,  July  to  December  1883,  Januarv  to  December  1884, 
January  to  December  1885,  January  to  December  1887,  February  and  October  1892,  April 
and  June  1898. — Typhoon- Warning  Code  of  the  Manila  Observatory. 
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Marlborough  College,  Naturjll  History  Society.— Report,  1907. 

Marseilles,  Commission  de  m£t£orologi£  du  D^partememt  des  Bouohes-du- 
Bh6ne.— Bulletin  annuel,  1906-7. 

Mauritius,  Royal  Alfred  Observatory.— Annual  Report  of  the  Director,  1907. 
—Results  of  Magnetical  and  Meteorological  Observations,  1906. 

Melbourne,  Commonwealth  Bureau  of  Meteorology. — A  New  Form  of  Pressure 
Anemometer. — Meteorological  Observations  made  at  the  Perth  Observatory  and  other 
places  in  Western  Australia,  1906.— Rainfall  Map  of  the  Commonwealth  of  Australia.— 
The  Climate  and  Meteorology  of  Australia. 

Melbourne,  Minister  of  State  for  External  Affairs.— Papua,  Annual  Report 
for  the  year  ending  June  80,  1907. 

Mexico,  Obsbrvatorio  mbteorol6oico-ma6N]£tico  central.— Boletin  mensual, 
May  to  Dec.  1903,  Jan.  to  Mar.,  and  Oct.  1904,  July  1907  to  July  1908.— £1  Clima  y 
regimen  pluviom^trico  de  la  Ciudad  de  Leon,  par  M.  Leal. — Tiempo  probable  durante  el 
mes,  Jan.  to  Mar.,  June,  Oct.,  and  Nov.  1908. 

Mexico,  Sooiedad  cient^fica  "Antonio  Alzate."— Momorias  y  revista,  86, 
Nos.  2  to  5  ;  26,  Nos.  1  to  8,  and  6  to  9. 

Milan,  R.  Osservatorio  astronomico  di  Brera.— Osservazioni  meteorologiche, 
1907. 

Moncalieri,  Osservatorio  del  Real  Colleoio  Carlo  Alberto. — Bollettino 
Meteorologioo  e  Geodinamico,  Dec  1907  to  Sept  1908. 

MoRELiA,  Mexico,  Observatorio  Meteorologico. — Boletin  Mensual  de  la  Seccion 
Meteorol6gica  del  Estado  de  Michoacan,  1,  Nos.  1  to  5. 

Moscow,  SociiT*  IMPERIALE  DES  Naturalistes.— Bulletin,  1907,  Nos.  1  to  3. 

Natal  Observatory.— Report  of  the  Government  Astronomer,  1907. 

New  Yore,  Central  Park  Observatory.— Abstracts  of  Registers  from  Self- 
recording  Instruments,  Nov.  1907  to  Nov.  1908: 

OS  A  (Spain),  Colegio  MAximode  la  CoMPA^ifADB  Jesus.— Observaciones  meteoro- 
16gicas,  1907. 

Ottawa,  Department  of  the  Interior. — Atlas  of  Canada.— Canada's  Fertile 
Northland. 

Ottawa,  Department  of  Marine  and  Fisheries.— Report  of  the  Meteorological 
Service  of  Canada,  1905. 

Ottawa,  Dominion  Astronomical  Observatory.— Report  of  the  Chief  Astronomer 
for  the  year  ending  June  30,  1906. 

Paris,  Bureau  central  M^itoROLOOiQUB  de  France. — Annales,  1903,  I., 
1904,  IL,  1906,  II.,  III.— Bulletin  international,  1908.— Bulletin  mensuel  Nov.  1907  to 
Oct.  1908. — Rapport  de  la  conference  m^t^^orologique  Internationale.  Reunion  d'lnns- 
bruck,  1905. 

Paris,' Observato IRE  municipal. — Annales,  tome  6-6. 

Paris,  SociiStiS  m£t]£orologiqub  de  France.— Annuaire,  Nov.  1907  to  Oct.  1908. 

Perpignan,  Obsbrvatoire. — Bulletin  m^t^rologique  annuel  du  D^partement  des 
Pyr^n^es-Orientales,  1905. 

Philadelphia,  American  Climatological  Association.— Transactions,  1907. 

Philadelphia,  Ambrican  Philosophical  Society.— Proceedings,  Nos.  187  to  189. 
Transactions,  81,  part  4. 

Pola,  K.-E.  Hydrographischbs  Amt. — Erdmagnetische  Reisebeobachtungeu. — 
Jahrbuch  der  meteorologischen,  erdmagnetisohen  und  seismisohen  Beobachtnngen,  1907. 

Port-au-Prince,  SociixA  astronomique  et  m^t^orolooique.— Bulletin  annuel, 
1907.— R^sumds  m4t4orologiqnes,  Oct  1907  to  Sept.  1908  (incomplete). 

Prague,  E.  E.  Stbrnwarte. — Meteorologuiohe  und  magnetische  Beobachtnngen, 
1907. 

Pretoria,  Transvaal  Meteorological  Department. — Annual  Report  for  the 
year  ended  June  30,  1907. 

Rio  de  Janeiro,  Ministbrio  da  Marinha.— Boletim  des  observa^oes  meteoro- 
logicas,  Oct.  1906  to  Mar.  1907. 

Rio  de  Janeiro,  Observatorio.— Annuario,  1908.— Boletim  mensal,  Jan.  to  June 
1907. 

Rome,  SocietJL  sismologica  italiana. — Bollettino,  12,  Nos.  6-11. 

Rome,  Uffigio  centrale  di  metborologica  e  di  geodinamioa.— Annali,  serie 
seconda,  1895,  part  8. — Rivista  meteorioo-agraria,  28,  No.  80,  to  29,  No.  81. 

Sabadbll,  Observatorio. — Restimen  de  las  prinoipales  Observaciones  verificadas  en 
esta  Estaci6n  Meteorol6gica  durante  el  Qninquenio,  1902-1906. 

St.  Lucia,  Government  Office. — ^Meteorologioal  Statistics,  Jan.  to  Oct.  1908. — 
Rainfall  Returns,  1907. — Meteorological  Returns,  Botanic  Station,  1907. 

S.  Paulo,  ComissXo  Geographica  e  Geologica.— Dados  Climatologicos,  1898. 

S.  Paulo,  Direotoria  de  Agrioultura.  SeccAo  metborologica.— 0  Servi90 
Meteorologico  e  o  Clima  do  Estado  de  S.  Paulo.    Serie  2.    No.  3. 
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St.     PlBTElUBURO,     ObSBRVATOIRK    MtTtOROLOOIQUB     DB     lIkBTITTT     FoRESTIXR 

Imperial.— ObaervatioiM,  1906. 

Saloniqub,  Gymnase  Bulgare  db  Oar<^N8  ''St.-Cyrillb  kt  Mbtbod." — 
Bolletin  umiuare,  1907. 

San  Fbrnando,  Instituto  y  Obsbryatorio  db  Marina.— Obflemoiones  xneteoro- 
16giota,  magn^ticaa  y  a^iBmicM,  1907. 

Sarajevo,  Bobntboh-Hercboovinischbk  LANDisRBOisRUKO.—EigebniaBe  der 
meteorologischen  Beobaohtongen,  1904-1905. 

Simla,  Division  of  the  Chief  of  the  Staff.— Weather  in  War  time,  by 
R.  Bentley. 

Simla,  United  Service  Institution.— Journal,  88. 

Sofia,  Institut  mAtAorolooiqub  db  Bitloarie.- Annuaire  1900,  1906,  1907. — 
Extrait  du  Bulletin  m^teorologiqne,  Jan.  to  Nov.  1908. 

Southport,  Fbrnlby  Observatory.— Report  and  Results  of  Obeervations,  1907. 

Stockholm,  K.  Svenska  Yetbnskaph  Akadbmie. — Arkiv  fur  matematik, 
aatronomi  och  fysik,  4,  Nos.  1  to  4. 

Stockholm,  Metro rolooiska  Central- Anstalt.  —  MAnadsofversigt  af  vader- 
leken  i  Sverige,  Dec.  1907  to  Nov.  1908.— Meteorologiaka  lakttaffelser  i  Sver^  1906-7. 

Stonyhukst,  College  Observatory.- Results  of  Meteorological  and  Magnetical 
Observations,  1907. 

Strassburg,  Intbrnationalb  Kommission  fOr  wissenschaftliohb  Lvft- 
bouiffahr T.— Beobaohtungen  mit  bemannten,  unbemanuten  Ballons  und  Drachen  sowie 
auf  Berg-  und  Wolkenstationen,  July  1906  to  July  1907. 

Sydney,  Royal  Society  of  New  South  Wales. — Journal  and  Pxx)ceeding8,  1903- 
1907. 

Tacubaya,  Observatorio  A8tron6mioo  Naoional.— Anuario,  1908. 

Teddington,  National  Physical  Laboratory.— Report  for  1907. — ^Report  of 
the  Observatory  Department,  1907. 

ToKio,  Central  Metborological  Observatory.— Annual  Report,  1900,  part  2; 
1901,  part  2  ;  1903,  part  2 ;  1904,  part  2.— Results  of  the  Meteorological  Observations 
made  in  Japan  for  each  period  of  five  years  since  1876  and  for  the  10,  15,  20,  25,  80 
years  ending  1905. 

ToKio,  Meteorological  Society  of  Japan.— Journal,  Nov.  1907  to  Oct.  1908. 

Toronto,  Meteorological  Office.— Monthly  Weather  Review,  Aug.  1907  to 
July  1908. 

Trieste,  I.  R.  Osservatorio  Marittimo.— Rapporto  annuale,  1904. 

Turin,  R.  Osservatorio  Astronomioo.— Osservazioni  meteorologiche,  1906. 

Turin,  SocietX  meteorolooica  Italiania. — BoUettino  Bimensuale,  S6,  No.  8 
to  27,  No.  6. 

Upsala,  Orservatoire  MifcTilOROLoaiQUB  DE  l'UnivbrsitA. —Bulletin  Mensuel, 
1907. 

Utrecht,  K.-Nbderlandsch  mbteorolooisch  Instituut.— Annuaire  1906. 

Valparaiso,  Servicio  mrteorol6oico,  Republioa  de  Chili.— Anuario,  1906. 

Victoria,  Department  of  Agriculture. — Journal,  1908.— Report  1906-7. 

Vienna,  K.-K.  Central anstalt  fOr  Mbteorolooib  itnd  Erdmagnetismus. — 
Beobachtun^en,  Oct.  1907  to  Nov.  1908. — AUgemeiner  Bericht  und  Chronik  der  im 
Jahre  1905  m  Osterreich  beobachteten  Erdbeben,  No.  2.— Jahrbuch,  1906. 

Vienna,  K.-K.  hydrographisohes  Zentral-Bureau. — Jahrbuch,  1905. 

Washington,  Carnegie  Institution.— Terrestrial  Magnetism,  12,  part  4,  to  18, 
part  3. 

Washington,  Hydrographic  Office.— Pilot  Chart  of  the  North  Atlantic  Ocean, 
1908.— Pilot  Chart  of  the  North  Pacific  Ocean,  1908. 

Washington,  National  Geographic  Society. — National  Geographic  Magaiine, 
1908. 

Washington,  Smithsonian  Institution.— Annals  of  the  Astrophysical  Observatory, 
2,  1908.— Note  on  the  Reflecting  Power  of  Clouds,  by  G.  C.  Abbot  and  F.  E.  Fowls,  Jr. 
—Excerpt  Papers  from  the  Smithsonian  Report  1906,  Nos.  1745-1748. 

Washington,  Weather  Bureau.— Bulletin  of  the  Mount  Weather  Observatory, 
1,  jparts  1-2.— Monthly  Weather  Review,  Sept  1907  to  Sept.  1908.— Report  of  the 
Chief,  1905-6. — The  Daily  Normal  Temperature  and  the  Daily  Normal  Precipitation  of 
the  United  States,  by  F.  H.  Bigelow. 

Watford,  Hertfordshire  Natural  History  Society.— Transactions,  13,  parts  3-4. 

Wellington  College,  Natural  Science  Society.— Report,  1907. 

Wellington  (N.Z.),  Registrar-General's  Office.— Statistics  of  the  Colony  of 
New  Zealand,  1906.— New  Zealand  Ofiicial  Year  Book,  1907.— Report  on  the  Results 
of  a  Census  of  the  Colony  of  New  Zealand,  taken  for  the  night  of  the  29th  April,  1906. 

Zacatbcas,  Orservatorio  Astronomico  Meteorol6oioo.— Boletin  Mensual,  Jan. 
to  Nov.  1908. 
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Zagreb  (Aoram),  Meteorolooisches  Obsbrvatorium.  —  Jahrbuch,  1908 -1906, 
Theil.  8. 

Zi-Ea-Wei,  Obseryatoire  MAONifrriQUE  ET  M^TtoROLOOiQUE.  —  Bulletin  des 
observations,  1906. 

ZoMBA,  Scientific  Department.— Meteorological  Obeenrations,  Sept.  1907  to  Sept. 
1908. 

Zurich,  Schwbizerischbn  meteorolooischen  Central-Anstalt.— Annalen, 
1906. 

Presented  by  Individtials, 

Akerblom,  p. — Recherches  sur  les  courants  lee  plus  baa  de  Tatmosphire  au-deasus 
de  Paris. 

Arctowski,  H. — De  Tinflaence  de  la  Lune  sur  la  vitesse  du  vent  aux  sommets  du 
SaentiSy  du  Sonnblick  et  du  Pike's  Peak. — Notice  sur  lee  variations  de  longue  dur^ 
des  amplitudes  moyennes  de  la  marche  diume  de  la  temperature  en  Eussie. — ^HScherohes 
sur  la  p^riodicite  des  ph^nom^nes  m^t^rologiques  k  Bruxelles. — Variation  des 
amplitudes  des  marches  diumes  de  la  temperature  au  sommet  du  Pike's  Peak. — Varia- 
tions de  longue  dur^e  de  divers  phenom^nes  atmospheriques. 

Bates,  Kev.  D.  C. — Rain-making  Experiments  at  Oamaru. 

Bauer,  L.  A. — Annual  Report  of  the  Director  of  the  Department  of  Terrestrial 
Magnetism  of  the  Cam^e  Institution  of  Washington,  1907.— The  Relation  between 
"  Potential  Temperature  ^  and  "  Entropy." 

Baxendell,  J. — Meteorological  Observations  at  Southport,  Dec.  1907  to  Nov.  1908. 

Bayard,  F.  C— Annual  Report,  M.O.H.  Surrey  County  Council,  1907. 

Bemmenlen,  W.  van.— On  the  Rainfall  in  Java. 

Bladen,  W.  W.— Annual  Report  North  Staffordshire  Field  Club,  1907-8. 

BoDDAERT,  D. — Misure  magnetiche  nei  dintomi  di  Torino. 

Bracke,  a.— La  Revue  N^phologique,  1908. 

Bromhead,  C.  J.  (the  late). — Instructions  in  the  Use  of  Meteorological  Instruments 
(2nd  edition). 

Brown,  A.,  and  Boobbyer,  (Dr.)  P. — The  Meteorology  of  Nottingham,  1907. 

Buchanan,  J.  Y.— Ice  and  its  Natural  History. 

Chevalier,  H.— Federated  Malay  States,  Pahang  Administration  Report  for  the 
year  1907. 

Chree,  C— Magnetic  Declination  at  Kew  Observatory,  1890  to  1900. 

CoLBORNE,  H.— Annual  Report,  Meteorological  Observations,  Borough  of  Hastings, 
1907. 

CoLLENETTE,  A. — Firth  Annual  Report  of  the  Meteorological  Observations  taken 
at  *' Brooklyn,"  St  Martin's  Road  (Guernsey),  1907. 

Constable  k  Co. — Airships  Past  and  Present,  by  A.  Hildebrandt. 

Cook  k  Son,  Messrs.  T.— The  Traveller's  Gazette,  Nov.  and  Dec.  1908. 

Corbett,  (Dr.)  D.— Report  on  the  Health  of  the  Borough  of  Kidderminster,  1907. 

Cotton -JoDRBLL,  Col. —Meteorological  Observations  taken  at  Roseneath  Hall, 
Nantwich,  1907  (MS.). 

CouTFS,  (Dr.)  F.  J.  H.— County  Borough  of  Blackpool,  Meteorology  for  the  year 
1907. 

Dales,  C. — Annual  Meteorological  Report  for  the  County  Borough  of  Bournemouth, 
1907. 

Davis,  John,  k  Son  (Derby),  Ltd.— Hygrometrical  Tables. 

Dawson,  A.  M. — Rainfall  recorded  at  Snu-le-Crow  House,  Keswick,  1907. 

Dixon,  C.— Results  of  Meteorological  Observations  taken  at  Holland  House,  Middle- 
sex, Dec.  1907  to  Nov.  1908  (MS.). 

Dixon,  F.  J.— The  Harlow  Moor  Observatory,  Harrogate.  Annual  Report  and 
Results  of  Observations,  1907. 

Dover,  J.— Totland  Bay :  Report  of  Meteorological  Observations,  1907. 

Dymond,  T.  S.— Suggestions  on  Rural  Education. 

Editor.— Ciel  et  Terre,  1908. 

Editor.— Daily  Graphic,  1908. 

Editor.— Electrical  Review,  1908. 

Editor.— Indian  Eneipeerinff,  1908. 

Editor.— Journal  of  Horticulture,  1908. 

Edftor.- Knowledge,  1908. 

Editor.— Nature,  1908. 

Editor. — Observatory,  1908. 

Editor. — Sanitary  Reoord,  1908. 

Edwards,  C.  W.— Annual  Reports  of  the  Medical  Officer  of  Health,  Borough  and 
Port  of  Lowestoft,  1907. 

floiKms,  D.— The  Climate  of  Greece.  Part  1,  Climate  of  Athens.  Part  2,  Climate 
of  Attica. 
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Eiffel,  G.— Atlas  m^Uorologique  Dour  rann^  1906  d'aprte  vingt-deox  Btationa 
fraDfaiies.  ~AtU«  m^Uorolpgiqae  poor  Vann^  1907  d'aprts  24  stations  fran^aises. — 
ComparaisoDs  graphiqaes  des  valeara  mensnelles,  saisonniires  et  annuelles  des  prioci- 

ettx  ^l^ments  met^rolo^^iques  dans  diTerses  stations  fran^aises  poor  I'annie  1906. — 
kpport  sur  an  memoirs  mtituU  "  Recherches  exp^rimentales  sar  la  resistance  de  Tair 
effectu^  par  M.  O.  Eiffel,"  par  MM.  Leiry  et  Sebert 

Ekholm,  N. — Spannkrart  des  gesattigen  Wasserdampfes  and  Eisdampfes.— Vber 
das  Psychrometer. 

Enoblhork,  J.— Handbnch  der  Klimatolo^e,  von  Dr.  Julius  Hann,  Band  1. 

Ebedia,  F. — I  venti  nello  stretto  di  Messina. — 11  regime  plnviometrioo  salle  costa 
italiane. — L'umiditk  relativa  dell*  aria  salla  Riviera  Ligare. 

Fessleb,  A. — Das  Klima  von  Innsbrack. 

Fox,  W.  L.  —  Meteorological  and  Magnetical  Tables  and  Reports,  Falmonth 
Observatory,  1907. 

Fraser,  (Dr.)  A.  M.— Report  on  the  Health  of  Portsmouth,  1907. 

Gautibb,  R.— Observations  m^t^orologiques  faites  aux  fortifications  de  Saint- 
Maurice,  1906.— R^um^  m^t4orologiaae  pour  Geneve  et  le  Grand  St- Bernard,  1906. 

Gheury,  M.  £.  J. — La  variation  aiurne  de  la  pression  atmosph^rique. 

GiDDONS,  H.— The  Commonwealth  Weather  Cnart,  1908. 

Gilchrist,  D.  A. — Summer  Frosts  and  their  effects  on  Swedes  and  Mangels  in  the 
North  of  England. 

Hands,  A. — Protection  from  Lightning. 

Hann,  J. — Der  tagliche  Gang  der  Temperatur  in  der  aasseren  Tropenzone.  B.  Das 
Indische  und  Australische  Tropen^biet. 

Haryet,  Rev.  C.  W. — Observations  of  Temperature  and  Rainfall,  Throcking,  Bunting- 
ford,  Herts,  1880-1904. 

Hepworth,  M.  W.  C— a  Comparison  of  the  Changes  in  the  Temperature  of  the 
Waters  of  the  North  Atlantic  and  in  the  Strength  of  the  Trade  Winds. 

Hbtwood,  H.— Meteorological  Observations  in  the  [Cardiff]  Society's  District,  1907. 

Hill,  G.  H.,  ft  Sons. --Returns  of  the  Rainfall  in  the  Glas^w,  Manchester, 
Ashton,  Dewsbary,  Stockport,  Halifax,  Blackburn,  Holme  Reservoirs,  Oldham,  and 
Batley  Waterworks  Districts,  1907. 

Hjort,  Dr.  J. — Some  Results  of  the  International  Ocean  Researches. 

Holmes,  R.  L.— Rainfall  at  Delanasua,  Bua,  Fiji,  1907. 

HOPKINSON,  J.  —  Climatologioal  Observations  taken  in  Hertfordshire,  1889.— 
Hertfordshire  Earthquakes. — Meteorological  Observations  taken  in  Hertfordshire,  1897, 
and  1899.— Reports  on  the  Rainfall  in  Hertfordshire,  1887,  1889, 1897,  and  1900.— The 
Weather  of  1905  and  1906  in  Hertfordshire. 

Hunter,  J.— Meteorological  Observations  at  Belper,  1908. 

Ihne,  £.— Phaenologisdie  Mitteilun^n,  1907. 

Jameson,  P.  R. — Weather  and  Weather  Instruments. 

Kino,  Sell,  and  Oldino.— The  Science  Year  Book,  1908. 

Knochb,  W. — Die  aquivalente  Temperatur,  ein  einheitlicher  Ausdraok  der  klimati- 
schen  Faktoren  "  Lufttemperatur "  und  *' Luftfeuchtigkeit"— Zur  Warmegehalt  der 
Atmosphare. 

EoBOSY,  J.— Die  Sterblichkeit  der  Hanpt-  and  Residenzstadt  Badapest  in  den 
Jahren  1901-1905  and  deren  Ursachen. 

Lamb,  B. — Climatologioal  Observations  taken  at  Borden  Wood,  Chithurst,  Sussex, 
1904-1907. 

Leyst,  E.  —  Beobachtangen  angestellt  im  meteorologisohen  Observatorium  der 
kaiserl.  Universitat  Moakau,  1908, 1904. — Meteorologische  Beobachtnngen  in  Moekao, 
1905,  1906.— Hofe  am  Sonne  and  Mond  in  Russland.- Luftelectriscbe  Zerstreuung 
und  Radioactivitat  in  der  Hohle  Bin-Basch-Choba  in  der  Krim.— tfber  das  Erdbeben 
von  San-Francisco  naoh  den  Aufzeichnungen  der  Seismographen  in  Moskau. — Uber 
Schatzang  der  Bewolkungsgrade. 

Manissadjian,  J.  J. — Meteorological  Records  of  Anatolia  College,  Merzifnn,  Asia 
Minor,  1907. 

Mabilaun,  F.  Kerner  v.  —  Untersuchungen  liber  die  Yeranderlichkeit  der 
jahrlichen  Niederschlagsperiode  im  Gebiete  zwischen  der  Donau  and  nordliehen  Adria. 

Mark  HAM,  C.  A. — Meteorological  Report  for  Northamptonshire,  Oct  1907  to  Oct 
1908. 

Marshall,  Miss  C— Rainfall  in  the  Lake  District,  Dec.  1907  to  Nov.  1908. 

Mawlby,  E. — Meteorological  Observations  at  Ilosebank,  Berkhamsted,  Dec.  5, 
1907,  to  Dec  3,  1908. 

Meinabdus,  W. — Die  Lufthiille  der  Erde. — Skizze  des  Rlimas  der  Heard -InseL 

Mellish,  H. — Some  Air  Temperature  Readings  at  several  Stations  on  sloping 
Ground,  by  R.  S.  Vinson  and  E.  J.  Kussell.— The  Weather  of  1907  at  Hodsock  Priory, 
Worksop. 
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MiDGLEY,  T. — Annual  Report  of  the  Museums  and  Meteorological  Obsenratory, 
Bolton,  1907. 

Mill,  (Dr.)  H.  R.— British  Rainfall,  1907.— Symons'  Meteorological  Magazine,  1908. 

MooBE,  Sir  J.  W. — Is  our  Climate  changing? 

Murray,  J. — Climate  considered  especially  in  Relation  to  Man,  by  R.  de  C.  Ward. 

Newcomb,  S. — A  Search  for  Fluctuations  in  the  Sun's  Thermal  Radiation  through 
their  Influence  on  Terrestrial  Temperature. 

Parnaby,  J.  M.— Meteorological  Report  for  Albert  Park,  Middlesborough,  Dec.  1907 
to  Nov.  1908  (MS.). 

Platania,  G. — Le  ossenrazioni  del  yento  in  mare  e  la  scala  di  Beaufort. 

Preston,  A.  W.— Meteorolomcal  Notes,  1907. 

RiJCKEVOBSEL,  (Dr.)  yan. — Konstant  auftretende  secundare  Maxima  und  Minima  in 
dem  jahrlichen  Verlauf  der  meteorologischen  Erscheinungen.     Fiinfte  Abteilung. 

Robinson,  T.— Hoylake  aud  West  Kirby  Urban  District  Council.  Meteorological 
Report  and  Results  of  Observations,  1907. 

Russell,  Mrs. — List  of  Scientific  Papers,  etc.,  by  the  late  H.  C.  Russell. 

Ryves,  R.  a.— The  King's  Highway. 

Salle,  O.— Das  Wetter,  1908. 

Saxby,  a.  C. — Meteorological  Report,  Cheltenham,  1908. 

SoHAEBERLE,  J.  M. — An  Explanation  of  the  Cause  of  the  Eastward  Circulation  of  our 
Atmosphere.  —  Geological  Climates.  —  On  the  Origin  and  Age  of  the  Sedimentary 
Rocks.— The  Earth  as  a  Heat  Radiating  Planet.— The  Infallibility  of  Newton's  Law  of 
Radiation  at  known  Temperatures. 

ScHREiBBR,  P. — Allgemeine  Theorie  der  Wagemanometer. 

Snell,  E.  H. — City  of  Coventry,  Annual  Report  on  the  Health  of  the  CJity,  1907. 

Stilwell,  H. — Returns  of  Rainfall,  etc.,  in  Dorset  in  1907. 

Stokes,  J. — Annual  Report  of  the  Meteorology  of  Margate,  1907. 

Symons,  (Dr.)  W.  H. — Annual  Report  to  the  Bath  urban  Sanitary  Authority  by 
the  Medical  Officer  of  Health,  1907. 

Teissereno  de  Bort,  L. — Ndcessit^  d'^tendre  le  r^seau  des  stations  d'ascensions 
intemationales  en  limitant  au  besoin  le  nombre  des  ascensions. 

Vincent,  J. — Atlas  des  nuages. 

Walter,  A. — On  the  Influence  of  Forests  on  Rainfall  and  the  probable  Effect  of 
^'deboisement"  on  the  Agriculture  of  Mauritius. 

Warry,  (Dr. )  J.  E. — Report  on  the  Sanitary  Condition  of  the  Hackney  District, 
1906. 

Watt,  A.— The  Climate  of  the  British  Isles. 

Watzof,  S. — Bulletin  seism ographique  de  I'Institut  mH6orologique  central  de 
Bul^rie,  No.  3. — Tremblements  de  terre  en  Bulgarie,  1907. 

Whitaker  and  Sons.— The  Holiday  Whitaker. 

Worth,  R,  H.— Twenty-fifth  Report  (Third  Series)  of  the  Committee  on  the  Climate 
of  Devon. — Rainfall  in  Devon  especially  for  the  years  1896- 1906. 

Yamashina,  Prince. — Ergebnisse  der  meteorologischen  Beobachtungen  auf  dem 
Tsukubasan  im  Jahre  1903. 

Lantern  Slides. 

Mawley,  E.— Phenologioal  Observations,  1907  (14). 
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PROCEEDINGS  AT  THE  MEETINGS  OF  THE  SOCIETY. 


January  20,  1909. 

Ordinary  Meeting. 

Dr.  Hugh  Robert  Mill,  President,  in  the  Chair. 

Lieut  Walter  de  Mouchbt  Batnham,  R.N.R,  Park  Avenue,  Dover ; 
John  Knight,  M.D.,  D.P.H.,  Scarborough  ; 
Capt  Perceval  Norman  Layton,  94  Jermyn  Street,  W. ; 
William  Phiup  Jambs  Le  Brocq,  M.A.,  Brecon  ; 
Rowland  Edgar  Nicholas,  F.L.S.,  Bitterne  Park,  Southampton  ;  and 
Walter  Sedgwick,  83  Victoria  Street,  S.W., 
were  balloted  for  and  elected  Fellows  of  the  Society. 


Jannaxy  20,  1909. 

AnntuU  General  Meeting. 

Dr.  Hugh  Robert  Mill,  President,  in  the  Chair. 

Mr.  H.  N.  Ffarington  and  Mr.  S.  C.  Russell  were  appointed  Scrutineers  of 
the  Ballot  for  the  Council. 

Report  op  the  Council. 

The  President,  Dr.  Hugh  Robert  Mill,  said  that  as  the  Report  of  Council 
was  ])rinted  and  in  the  hands  of  all  the  Fellows,  it  was  not  necessary  to  go 
through  the  form  of  reading  it.  He  suggested  that  the  Report  should  be  taken 
as  read,  and  moved  from  the  Chair  that  it  be  adopted.  The  object  of  this 
Report  was  that  the  Council  once  a  year  should  render  an  account  of  their 
stewardship.  It  was  now  the  habit  for  particular  pieces  of  work  undertaken 
by  the  Council  to  be  mentioned  at  the  beginning  of  each  meeting,  and  in  this 
way  the  Fellows  were  kept  familiar  with  what  was  being  done.  The  Report 
had,  unfortunately,  to  begin  by  deploring  the  loss  of  a  number  of  valued  members 
of  the  Society.  There  had  been  an  exceptional  moilality  among  the  Honorary 
Members  during  the  past  year.  They  regretted  to  have  to  record  the  deaths  of 
Mr.  R  J.  L.  EUery,  formerly  Government  Astronomer  at  the  Melbourne 
Observatory,  Victoria  ;  of  M.  A.  Lancaster,  Director  of  the  Meteorological  Depart- 
ment of  the  Royal  Observatory  at  Brussels  ;  of  Prof.  E.  E.  N.  Mascart,  Director 
of  the  French  Meteorological  Bureau ;  of  Prof.  J.  M.  Pemter,  the  head  of  the 
Austrian  Meteorological  Service  ;  of  Sir  Richard  Strachey,  who  was  formerly  the 
chairman  of  the  Meteorological  Council  of  this  country,  and  a  Symons  Qold 
Medallist ;  and  of  Sir  John  Evans.  The  work  of  the  Council  had  been  greatly 
aided  by  a  number  of  Committees.  It  was  only  when  a  Fellow  was  elected  a 
member  of  Council  that  he  realised  the  amount  of  work  required  of  that  body,  and 
this  work  had  been  as  usual  conscientiously  carried  out  last  year.  A  large  part 
of  the  work  of  the  Society  had  always  been  in  the  direction  of  research,  and  the 
Report  presented  an  account  of  the  work  done.  The  Kite  Committee,  co-operat- 
ing with  the  British  Association,  had  made  considerable  advances  in  the  study  of 
the  upper  atmosphere.  During  the  past  year  a  Prize  Competition  for  Teachers 
had  been  held,  and  a  large  number  of  essays  on  the  subject  of  the  teaching  of 
meteorology  in  schools  had  been  received.      The  Society  had  also  organised 
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important  exhibits  representing  meteorological  work  at  various  places.  For 
that  at  the  Franco-British  Exhibition  the  highest  award  had  been  given  by  the 
authorities.  Mr.  Marriott  had  delivered  a  number  of  lectures  to  Scientific 
Societies  and  schools.  There  had  also  been  two  interesting  delegations  of  the 
Society.  Mr.  Mellish  had  represented  it  at  the  celebration  of  the  fiftieth  year 
of  the  foundation  of  the  University  Museum,  Oxford,  while  Mr.  Harries  had 
been  present  at  the  Twenty-fifth  Anniversary  of  the  German  Meteorological 
Society  at  Hamburg.  In  the  statement  of  the  work  done  in  the  Library,  they 
would  notice  that  numerous  valuable  accessions  had  been  made,  but  the 
accommodation  was  now  nearly  exhausted.  Ajb  regards  the  gains  and  losses 
in  membership,  the  total  now  reached  nearly  750  Fellows,  the  losses  incurred 
through  deaths  and  resignations  during  the  past  year  having  detracted  from 
what  would  otherwise  have  been  a  large  increase  in  Fellowship.  The  last  part 
of  the  Report  dealt  with  a  statement  of  receipts  and  expenditure,  which  was 
duly  certified  by  Mr.  Newman  and  Mr.  Forrester  as  auditors,  and  would,  he 
thought,  be  generally  felt  to  be  satisfactory.  He  had  the  pleasure  of  moving 
"  That  the  Report  of  the  Council  be  received  and  adopted,  and  that  it  be  printed 
in  the  Qwirterhf  Journal" 

Mr.  F.  Campbell  Batard  said  that  he  had  great  pleasure  in  seconding  the 
proposal.  Referring  to  the  Report,  he  did  not  think  sufficient  had  been  made 
of  the  great  work  done  by  the  Local  Scientific  Societies'  Committee.  He 
thought  that  Mr.  Druce's  initiative  had  been  a  very  great  thing  for  the  Society, 
and  felt  sure  that  he  would  be  gratified  by  the  success  which  had  attended  his 
idea.  The  question  of  what  to  do  with  the  essays  received  for  the  Prize 
Competition  would  come  before  that  Committee.  He,  himself,  thought  they 
might  probably  be  worked  up  in  the  form  of  a  book  for  use  in  elementary 
schools. 

The  Resolution  was  adopted.     [The  Report  is  printed  on  p.  93.] 

AjiTEBATION   OP   By-LaWS. 

The  President  referred  to  the  alteration  in  the  By-Laws  as  stated  in  the 
Report  of  Council.  He  said  that  as  a  general  rule  the  less  the  By-Laws 
of  any  Society  were  interfered  with  the  better ;  but  in  order  to  bring  them 
into  harmony  with  what  had  become  the  usage  of  the  Society,  it  had  seemed 
right  to  the  Council  that  an  alteration  in  No.  4  should  be  made.  A  certain 
amount  of  change  in  the  Council  from  year  to  year  was  felt  to  be  very  desirable. 
Hitherto  the  change  might,  without  disobeying  the  By-Law,  consist  merely  in 
transferring  several  members  of  Council  to  the  Vice-presidentship,  and  wee 
versa ;  and  it  was  felt  to  be  better  that  this  should  not  occur.  The  effect  of  the 
new  proposal  would  be,  that  there  should  always  be  at  least  three  Fellows  as 
Members  of  Council  who  had  not  served  on  the  Council  in  any  capacity  during 
the  year  immediately  preceding.  As  regards  By-Law  62,  as  matters  stood,  if 
any  person  presented  a  paper  to  the  Society,  which  it  was  not  thought  proper ' 
to  publish,  the  writer  was  prevented  from  making  any  use  of  the  paper  for  the 
next  twelve  months.  It  seldom  occurred  that  a  paper  of  any  importance  was 
refused,  but  still  it  was  thought  expedient,  in  the  interest  of  the  Fellows,  that  the 
change  should  be  made,  and  that  it  should  be  possible  for  an  author  to  have  the 
immediate  right  of  dealing  with  his  paper  if  it  were  declined.  These  slight 
changes  did  not  affect  the  custom  of  the  Society  as  followed  in  recent  years. 

The  President  proposed  "That  the  following  alterations  be  made  in  the 
By-Laws : — 

(a)  That  By-Law  4  be  altered  to  read  as  follows :  '  At  least  three  of  the  Council 
as  defined  in  By-Law  2  shall  be  Fellows  who  have  not  served  on  the 
Council  in  any  capacity  during  the  year  immediately  preceding.' 
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(()  That  in  By-Law  6S  the  word  '  decline '  be  subetitated  for  the  words  '  refuse 
or  omit  within  a  year.' " 
Mr.  H.  Mbllibh  seconded  the  Resolution,  which  was  adopted. 

Thanks  to  thx  Goungil  and  AuDiToaa. 

Mr.  John  Hopkinbon  moved  ''  That  the  thanks  of  the  Society  be  given  to 
the  Council  for  their  services  during  the  past  year,  and  also  to  the  Auditors." 
He  said  that  they  were  all,  he  felt  sure,  grateful  to  the  Council  for  the  ability 
with  which  the  affairs  of  the  Society  had  been  conducted.  This  was  no  light 
matter,  for  there  was  a  great  deal  of  work  to  be  done.  To  the  enterprise  and 
judicious  management  of  the  Council  was  due  the  general  progress  and  present 
satisfactory  condition  of  the  Society,  and  in  a  great  measure  the  increasing 
interest  taken  in  meteorology  throughout  the  country.  They  were  also  much 
indebted  to  the  auditors  for  their  work,  which  required  great  care. 

Mr.  A.  Brewin,  in  seconding  the  Resolution,  said  that  the  Report  spoke 
for  itself  and  for  what  the  Council  had  done.  He  could  heartily  endorse  the 
President's  words  about  the  work  required  of  the  Council,  and  that  work  had 
been  most  carefully  and  ably  carried  out 

The  Resolution  was  adopted. 

Commander  W.  F.  Caborkb  on  behalf  of  the  Council  thanked  the  Fellows 
present  for  the  kind  manner  in  which  the  Resolution  had  been  proposed,  seconded, 
and  carried.  While  the  Council  were  conscious  that  they  always  endeavoured  to 
fulfil  their  duties  well,  they  deeply  appreciated  the  expressions  of  approbation. 

Institution  of  Civil  Engineers. 

Dr.  C.  Theodore  Williams  said  that  he  had  to  propose  a  motion  which  was 
always  a  popular  one,  and  that  was  *'  That  the  thanks  of  the  Royal  Meteorological 
Society  be  communicated  to  the  President  and  Council  of  the  Institution  of  Civil 
Engineers  for  having  granted  the  Society  free  permission  to  hold  its  Meetings  in 
the  rooms  of  the  Institution."  He  thought  the  Institution  had  behaved  splendidly 
to  them.  The  Society  could  use  the  beautiful  room,  well  heated  and  well  warmed, 
free  of  cost  The  Institution  was  in  its  way  a  sister  Society,  and  the  two  Societies 
had  some  subjects  upon  which  both  worked  together.  The  Institution  of  Civil 
Engineers  was  one  of  the  roost  important  bodies  in  this  country.  Unlike  similar 
bodies  in  other  countries  they  had  no  Qovemment  support,  but  carried  on  their 
work  unaided,  and  often  gave  counsel  of  much  value  to  the  Government  They 
had  a  splendid  Institution,  a  large  number  of  excellent,  hard-working  Members, 
and  were  engaged  in  all  sorts  of  enterprises,  and  doing  their  best  to  advance  the 
interests  and  education  of  the  country.  If  they  looked  around  them  at  the  por- 
traits of  the  Presidents  of  the  Institution,  it  was  easy  to  see  where  a  great  deal  of 
England's  true  glory  lay. 

Captain  M.  H.  Clarke  said  he  had  much  pleasure  in  seconding  Dr. 
Williams'  very  able  mention  of  the  generosity  of  the  Institution,  in  allowing  the 
Society  the  use  of  their  hall,  and  for  the  courtesy  shown  to  them  by  the  Council 
of  the  Institution. 

The  President  remarked  that  they  would  regret  that  the  beautiful  hall,  in 
which  it  had  been  their  privilege  to  meet,  was  about  to  be  demolished  in  order 
to  make  room  for  the  new  Government  Offices.  However,  a  more  magnificent 
building  with  a  still  finer  hall  was  to  arise.  He  trusted  the  Institution  would 
construe  their  gratitude  in  the  traditional  sense  and  find  a  ^lace  for  them  in 
their  new  building. 

The  Resolution  was  adopted. 
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Pbbsidbnt's  Address. 
The  President  then  delivered  an  Address  on  **  Some  Aims  and  Efforts 

OF   THE   SOGIBTT    IN   ITS   RELATION  TO  THE   POBLIO   AND    TO    METEOROLOGICAL 

Science"  (p.  65). 

Mr.  F.  Drucb  said  that  the  pleasant  datj  had  fallen  to  him  of  tendering  their 
most  hearty  thanks  to  Dr.  Mill  for  his  services  during  the  past  year  as  Presi- 
dent, and  for  his  Address  that  evening.  It  would  take  far  too  much  time  were 
he  to  attempt  to  go  through  in  detail  the  services  Dr.  Mill  had  rendered  to  the 
Society  during  his  term  of  office,  but  he  wonld  briefly  refer  to  one  or  two  points. 
He  thought  they  had  all  been  struck  by  Dr.  MilPs  admirable  lecture.  It  con- 
tained useful  lessons  for  various  classes  of  persons,  meteorologists  and  others, 
including  the  man  in  the  street  and  the  careless  public.  They  had  all  been 
charmed  by  the  way  in  which  Dr.  Mill  had  presided  over  the  Society's  meet- 
ings ;  his  conduct  also  of  the  many  meetings  of  Council  and  Committees  had 
been  admirable.  In  the  Annual  Report  there  were  a  number  of  matters  detailed 
bhowing  the  progress  of  the  Society,  but  Dr.  Mill,  while  pointing  out  these 
matters  had,  with  characteristic  modesty  omitted  to  mention  that  he  had  been 
the  guiding  spirit  of  most  of  them.  He  had  given  evidence  before  a  Committee 
appointed  by  the  Board  of  Agriculture  to  consider  agricultural  education.  The 
result  was  that  the  Committee  were  of  opinion  that  prominence  might  be  given 
to  Meteorology  in  this  connection.  He  had  also  attended  a  Treasury  Com- 
mittee in  connection  with  the  Meteorological  Office  grants  and  had  arranged  to 
attend  as  the  Society's  Delegate  the  Conference  of  Imperial  and  Colonial  Meteoro- 
logists at  Ottawa,  which  was  unfortunately  postponed.  It  might  be  some  satis- 
faction to  Dr.  Mill  to  know  that  his  Presidency  had  left  the  Society  very  pros- 
perous, especially  in  the  matter  of  increasing  fellowship,  and  the  Society  might 
think  itself  fortunate  to  have  had  as  their  President  a  man  eminent  in  Science 
and  capable  in  administration.  He  begged  formally  to  move  :  **  That  the  thanks 
of  the  Society  be  given  to  Dr.  Hugh  Robert  Mill  for  his  services  as  Presi- 
dent, and  for  his  Address,  and  that  he  be  requested  to  allow  it  to  be  printed  in 
the  Quarterly  JouttmI" 

Dr.  W.  N.  Shaw  seconded  the  vote  of  thanks. 

The  Resolution  was  adopted. 

The  President,  in  reply,  said  that  he  thanked  them  very  much  for  agreeing 
with  the  too  generous  words  of  Mr.  Druce  and  Dr.  Shaw.  He  certainly  was 
not  so  excessively  modest  as  to  wish  to  disguise  the  fact  that  he  had  done  the 
best  he  could  in  the  interests  of  the  Society  during  his  term  of  office.  It  had 
been  a  great  pleasure  to  work  with  so  agreeable  a  Council  as  that  of  the  Society. 
He  did  not  think — apart  from  the  too  flattering  way  in  which  Mr.  Druce  had 
spoken  of  the  President's  services — that  he  had  exceeded  the  truth,  when 
he  spoke  of  the  work  of  the  Council ;  but  he  had  suppressed  something 
in  passing  over  the  immense  help  which  he,  Mr.  Druce,  had  rendered  in 
that  work.  He,  the  President^  looked  forward  after  quitting  his  office  to  con- 
tinue to  assist  the  Society,  it  might  be  with  less  expenditure  of  time,  but  not 
with  less  heartiness  and  goodwill  He  thought  the  Society  should  strive  to  have 
1000  Fellows  before  the  end  of  his  successor's  term  of  office,  and  he  hoped  it 
would  impress  itself  more  and  more  upon  the  public  as  being  the  centre  of 
scientific  work  and  publications  in  Meteorology. 

[A  Portrait  of  Dr.  H.  R  Mill  is  given  on  Plate  I.] 

Election  of  Council. 

The  Scrutineers  then  declared  the  following  to  be  the  Council  for  the 
ensuing  year  : — 

E 
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Prbsidknt. 
Henbt  Mellish,  D.L..  J.P.,  F.R.G.& 

Vice-Presidents. 

Walter  William  Bryant,  B.A.,  F.RA.S. 

William  Henry  Dines,  B.A.,  F.RS. 

Commander  Melville  Willis  Campbell  Hepworth,  C.B.,  F.RA.S. 

Hugh  Robert  Mill,  D.Sa,  LLD.,  F.R.aE.,  F.RQ.S, 

Treasurer. 
Charles  Theodore  Williams,  M.A,  M.D.,  F.R.C.P.,  M.V.O. 

Secretaries. 

Francis  Campbell  Bayard,  LL.M. 

Commander  Warren  Frederick  Caborne,  C.B.,  Flt.G.S.,  F.KA.S. 

Foreign  Secretary. 
Robert  Henry  Scott,  M.A.,  D.Sc.,  F.KS. 

Councillors. 

Richard  Bentley,  F.L.S.,  F.R.Q.S. 

Frederick  John  Brodib. 

Charles  John  Philip  Cave. 

Henry  Newton  Dickson,  M.A.,  D.Sc,  F.R.S.E.,  F.R.G.S. 

Francis  Druce,  M.A.,  F.R.G.S. 

Ernest  Qold,  M.A. 

Richard  Inawrds,  F.RA.S. 

Baldwin  Latham,  M-InatCE.,  F.G.S. 

Rudolf  Gustav  Karl  Lempfert,  M.A. 

Colonel  Herbert  Edward  Rawson,  RK,  C.B.,  F.RG.S. 

Capt.  Robert  Campbell  Warden. 

Capt.  David  Wilson-Barker,  F.R.aE.,  F.RG.S. 

Installation  of  New  President  and  Secretary. 

The  President  eaid  there  was  only  one  duty  left  him  in  his  official  capacity, 
and  that  was  to  give  effect  to  their  election  of  the  late  Honorary  Secretary, 
Colonel  Mellish,  as  President  of  the  Society ;  and  in  asking  Colonel  Mellish 
to  take  the  chair,  he  could  assure  him  that  he  would  find  it  a  pleasant  position, 
surrounded  by  the  helpful  Council  which  he  knew  so  welL  Colonel  Mellish 
would  make  an  ideal  Chairman,  as  he  was  accustomed  from  his  high  position  in 
the  Territorial  Army  to  a  stricter  form  of  discipline  than  their  present — he 
should  say  their  past  —  President  could  wield.  Colonel  Mellish  was  the 
Chairman  of  a  very  important  Education  Committee,  and  accustomed  to  dealing 
with  public  matters  and  public  meetings.  He,  Dr.  Mill,  had  always  had  a  great 
dislike  of  formality,  and  he  feared  that  the  Society  might  have  run  some  risk  of 
deteriorating  under  his  chairmanship,  but  Colonel  Mellish  would  put  that 
right,  knowing,  as  he  did,  the  work  of  the  Society  well  and  having  the  Uiorough 
confidence  and  regard  of  all  the  members  of  the  Council  He  had  the  great 
pleasure  of  presenting  Colonel  Mellish  with  the  Presidential  Key,  the  visible 
symbol  of  his  office. 
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Mr.  H.  Mellish  said  he  thanked  them  extremely  for  the  great  honour  they 
had  conferred  upon  him  in  electing  him  their  President,  and  also  thanked  Dr. 
Mill  for  his  kind  expressions.  He  knew  that  in  succeeding  to  the  post  occupied 
by  so  many  distinguished  Meteorologists,  he  wguld  have  the  support  and  assist- 
ance of  the  members  of  the  Council.  He  could  not  help  regretting  that  they 
were  losing  the  services  of  several  who  had  served  on  the  Council  for  a  consider- 
able time,  but  the  alteration  in  the  By-Laws  had  been  made  for  the  purpose  of 
securing  new  members.  There  was  a  rather  larger  number  of  vacancies  than 
usual,  but  he  hoped  that  the  absences  might  be  only  temporary.  He  welcomed 
the  new  members  with  pleasure ;  among  them  was  their  new  Secretary,  Com- 
mander Caborne,  whom  he  would  ask  to  take  his  seat  on  the  platform. 

Commander  W.  F.  Caborne  thanked  those  present  for  the  kind  manner 
in  which  they  had  received  his  election.  He  hoped  that  when  his  period  of 
office  had  expired  they  would  be  able  to  say  that  their  confidence  had  not  been 
misplaced. 


Pebmary  17,  1909. 

Ordinary  Meeting. 
Henrt  Mellibh,  F.R.Q.S.,  President,  in  the  Chair. 

Frederick  Feather,  3  Mount  Pleasant,  Chepstow  ; 
Francis  Harold  French,  43  Warwick.  Street,  Worthing ; 
Robert  Harper,  F.RG.S.,  F.S.S.,  London ;  and 
QuAH  Beno  Eeb,  Penang,  Straits  Settlements, 
were  balloted  for  and  elected  Fellows  of  the  Society. 

The  President,  before  proceeding  to  the  ordinary  business,  said  it  was  his 
melancholy  duty  to  refer  to  the  recent  death  of  Mr.  Henrt  Storks  Eaton, 
who  had  been  for  some  years  the  senior  Fellow  of  the  Society.  He  was  elected 
in  1857,  and  filled  the  office  of  President  in  the  years  1876-77.  Mr.  Eaton 
had  always  taken  an  active  interest  in  the  work  of  the  Society,  and  had  been  a 
familiar  figure  at  the  Meetings  until  recent  years.  His  death  was  much  to  be 
regretted,  and  the  Society  was  distinctly  poorer  by  his  removal.  He  (the  Presi- 
dent) had  been  looking  up  Mr.  Eaton's  President!^  Addresses,  and  it  was  curious 
to  note  that  in  the  first,  Mr.  Eaton  referred  to  our  small  amount  of  knowledge 
of  the  conditions  prevailing  in  the  upper  air.  In  those  days  there  were  very  few 
balloons  in  existence,  and  special  reference  was  made  to  the  recent  opening  of  a 
high-level  Observatory,  that  of  the  Piiy-de  Dome  ;  the  use  of  kites  in  meteoro- 
Ic^ical  research  had  not  then  been  thought  of.  This  Address  was  of  great 
interest  in  view  of  recent  investigations.  In  Mr.  Eaton's  second  Address,  he 
referred  to  the  position  of  Hygrometry,  and  pointed  out  how  unsatisfactory  our 
knowledge  was  of  the  reading  of  the  dry-  and  wet-bulb  thermometers,  and  that 
the  time  spent  in  working  up  deductions  from  their  readings  might  be  better 
spent  on  the  study  of  evaporation.  He  (the  President)  thought  that  we  had  not 
made  much  progress  in  that  branch  of  Meteorology  during  the  past  thirty  years, 
and  this  view  was  borne  out  in  the  discussion  of  the  Antarctic  Observations, 
taken  during  the  voyage  of  the  Discovery,  In  working  up  the  Observations,  it 
was  found  that  the  readings  of  the  wet-bulb  thermometer  at  very  low  tempera- 
tures were  hardly  worth  taking  any  notice  of  owing  to  their  uncertain  meaning. 
He  also  referred  to  the  approaching  70th  birthday  of  Dr.  Julius  Hann,  who 
was  awarded  the  Symons  Medal  in  1904.  The  Council  at  their  meeting  that 
evening  had  decided  to  send  an  address  of  congratulation  to  Dr.  Hann. 
The    President  concluded   by  remarking    that   at   the  next   meeting   of  the 
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Society,  on  March  17,  they  were  to  be  faTOured  with  a  Lecture  by  Dr.  Vaughan 
Cornish  on  "  Wind  Waves  in  Water,  Sand,  and  Snow."  This  was  a  subject 
which  Dr.  Cornish  had  made  entirely  his  own,  and  there  was  no  doubt  he  would 
hare  much  of  interest  to  say  to  them.  He  hoped  that  there  would  be  a  large 
attendance  to  welcome  Dr.  Cornish. 

The  following  Communications  were  read  : — 

1.  *'RbPOBT    on    the    PhENOLOQIGAL     OBSKRVATIOliS    FOB    1906."        By 

Edward  Mawlbi,  F.R.H.S.  [This  Report  will  be  printed  in  a  later  number 
of  the  Quarterly  Journal] 

2.  ^'Thb  Cold  Spell  at  thb  end  of  Deoembeb  1908."     By  William 
Mabbiott,  F.RMetSoc.  (p.  81). 


CORRESPONDENCE  AND  NOTES. 

PropoBal  to  Express  all  Measurements  of  Atmospheric  Pressure  by 
a  UniTersal  Measurement  of  Force. 

In  the  U.S.  Monthly  Weather  Beview  of  November  1908,  Prof.  A.  G. 
M'Adie,  chief  officer  of  the  Weather  Service  at  San  Francisco,  makes  a  very 
noteworthy  proposal.  He  thinks  the  Weather  Bareau  should  adopt  as  soon  as 
practicable  the  centigrade  and  metric  scales  for  the  measurement  of  temperature, 
wind,  rainfall,  and  snow,  but  should  free  itself  from  the  consequences  of  the 
accidental  circumstance  that  mercury  is  used  in  the  construction  of  barometers, 
by  adopting  1000  on  an  arbitrary  scale  of  units  as  the  equivalent  of  the  normal 
pressure  of  760  mm.  =  29*92  in& 

The  agreement  of  the  meteorological  world,  with  respect  to  measures  and 
scales,  by  the  change  of  English  and  Americans  to  metric  measures  and  centi- 
grade, as  Prof.  M'Adie  proposes,  would  be  a  step  in  advance  which  is  earnestly  to  be 
desired.  One  cannot  expect  such  a  widely  extended  system  to  alter  its  measures 
without  first  being  convinced  of  the  complete  desirability  and  justification  of  the 
change.  And  it  cannot  be  contested  that  our  measure  of  atmospheric  pressure 
does  at  present  possess  these  qualities. 

Prof.  M'Adie's  proposal  to  take  760  mm.,  which  is  now  made  use  of  as 
"  one  atmosphere,"  as  the  unit  for  all  measurements  of  pressure  would  certainly 
be  an  unmistakable  advance  ;  but  this  "  normal  pressure  "  is  quite  a  conventional 
quantity.  The  mean  pressure  even  at  sea-level  differs  considerably  in  different 
places.  The  adopted  value  of  760  mm.  is  only  connected  with  the  metric 
system  by  a  new  quantity — the  density  of  mercury.  If  one  makes  it  in- 
dependent of  this  it  denotes  a  pressure  of  1033*291  grams  weight  upon  one 
square  centimetre,  when  the  gram  is  taken  as  the  unit  of  force.  But  it  is 
acknowledged  by  physicists  generally  to  be  more  rational,  not  to  consider  the 
gram  as  the  unit  of  force  but  as  the  unit  of  mass,  and  to  take  as  unit  of 
force  its  product,  with  the  "normal"  acceleration  of  gravity,  in  lat  45*,  at  sea- 
level,  980*65  cm.^  In  the  C.Q.S.  system  a  barometer  reading  of  760  mm. 
[29*92  Ins.]  at  normal  gravity  corresponds  therefore  to  1,013,303  units. 
1,000,000  of  such  units  would  therefore  correspond  to  a  mercurial  pressure  of 

^  For  physical  geography  it  might  be  convenient  to  take  as  unit  the  pressure  of  a 
column  of  water  of  one  full  metre — in  other  words,  to  ^ut  the  acceleration  of  gravity  at  45** 
not  as  9S1,  but  as  1000  ;  this  would,  however,  depart  from  the  purely  C.G.3.  system.  In 
ocean ographical  investigations  the  Scandinavian  physicist8  calculate  with  "dynamic  metres" 
of  about  1*02  m.  in  length.  In  that  way  they  express  in  the  same  rational  unit  pressure, 
friction,  and  deviating-force  of  the  earth's  rotation. 
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750*1  mm.  [29*532  ins.].  This  quantity  can  be  taken  as  unit  and  might  be 
called  a  small  atmosphere  or  (with  Bjerknes  and  Sandstrom  ^)  a  Bar,  Then  1 
Deeihar  is  the  pressure  of  a  column  of  water  0*98  m.  [38*6  ins.]  in  depth — 
distilled  water  at  the  temperature  of  maximum  density  and  normal  gravity 
presupposed,  or  1  Megadyne  per  square  centimetre.^  The  Millibar  is  nearly 
f  or  more  exactly  0*75006  mm.  of  mercury  The  abbreviations  will,  of  course, 
correspond  to  the  others  of  the  metric  system,  viz.  6,  d6,  c6,  m6.* 

Starting  from  the  prevalent  assumption  of  a  mean  pressure  of  760  mm. 
[29*92  ins.]  at  sea^level,  we  find  the  new  pressure  unit  of  1000  mb.  at  a  height 
of  106  m.  [348  ft]  above  the  sea. 

Whether  this  higher  level  will  be  made  use  of  in  the  reduction  to  a  normal 
level  in  meteorology,  instead  of  sea-level,  is  a  question  independent  of  the 
introduction  of  this  pressure  scale.  There  is  much  to  be  said,  however,  in  favour 
of  this  change.  The  mean  altitude  of  the  German  stations  in  the  Wetterherieht 
of  the  Seewarte  is  (apart  from  the  mountain  stations,  for  which  the  barometer 
readings  are  uncorrected  for  height),  exactly  107  m.  [351  ft];  17  of  these 
stations  are  less  than  100  m.  [328  ft]  high,  Frankfort-on-the-Main  103  m. 
[338  ft]  ;  and  only  11  stations  over  106  m.  [348  ft].  It  would  be  the  same, 
on  an  average,  for  Europe,  and  also  in  the  eastern  half  of  North  America. 
Therefore  for  the  majority  of  stations  the  new  normal  level  would  lie  in  the 
atmosphere,  and  the  calculated  pressure  would  have  a  real  meaning,  while  at 
present  the  reduction-level  for  them  lies  in  the  ground,  where  the  "  air-pressure  " 
denotes  only  a  numerical  value,  and  also  the  temperature  used  in  the  calculation 
has  no  reality.  For  the  remaining  stations  the  probable  distortions  made  by 
this  method  are  at  least  diminished.  We  may  even  regret  that  the  level  of  the 
pressure  unit  has  not  come  out  somewhat  higher,  because  the  distril^ution 
of  pressure  a  few  hundred  metres  above  the  ground  gives  a  much  truer 
representation  of  the  atmospheric  circulation  than  that  at  the  surface  of  the 
earth  itself.  The  lower  air  masses  are,  even  in  low-lying  places,  in  a  great 
measure  dragged  along  by  the  upper  strata,  ie.  they  receive  their  impulse  of 
motion  mostly  from  air  masses  descending  from  some  height^  because  on  the 
ground  friction  or  obstacles  are  too  great 

The  wish  to  reduce  barometer  readings  generally  to  a  somewhat  higher 
level,  instead  of  to  sea-level,  has  often  been  expressed.  It  could  not  be  carried 
out,  because  there  was  little  prospect  of  agreeing  to  a  perfectly  arbitrary  level. 
The  level  now  proposed  is  no  longer  purely  arbitrary,  because  it  represents  the 
mean  level  of  the  unit  of  air-pressure  when  760  mm.  [29*92  ins.]  is  taken  as  equal 
to  the  mean  air-pressure  at  sea-leveL  As,  however,  the  choice  of  this  latter 
figure  may  vary  between  tolerably  wide  limits,  we  are  free,  for  convenience  in 
the  determination  of  the  distance  from  this  level,  to  fix  it  somewhat  differently, 
say  at  100  m.  in  round  numbers. 

A  chief  motive  of  Prof.  M'Adie's  proposal  is,  however,  regard  for  the  general 
public  He  points  out  for  the  establishment  of  his  proposal  that  the  public 
will  be  able  much  easier  to  form  an  idea  about  changes  of  air-pressure  than  at 
present,  where  the  quantity  760  appears  quite  arbitrary.  We  may  add,  the 
more  arbitrary,  since  as  a  "  barometer "  the  public  mostly  only  knows  of  the 
aneroid,  and  does  not  think  at  all  about  the  mercury.  "For  example,  the 
business  man  reads  1009,  and  knows  without  computation  that  the  pressure  is 

^  Beitrdge  zur  Physik  der  freien  Atmosphdre  von  Assmann  imd  Hergesell,  Bd«  2  S.  1, 
Strassburg,  1906.  See  also  Sandstrom  and  Helland -Hansen  in  Report  on  Norweg.  Fish,  and 
Marine  Invest,  vol.  ii.  1902,  No.  4,  S.  15,  and  Knudsen  in  BuUelin  trimestriel  dee  Pemian. 
IrUemat,  ConseilsfUr  Meere^orachung,  1906-7,  No.  1,  S.  41,  No.  2,  Taf.  14  ff. 

^  See  Note  1  on  previous  page. 

'  In  the  "Beitrage"  referred  to  in  note  1,  mmhar  is  printed  by  oversight  for  tnJbar 
or  wJb, 
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nine  points  in  a  thousand  above  a  normal  pressare.  At  the  present  time,  with 
the  pressare  expressed  at  30*20  ins.,  even  Weather -Bureau*  men  must  take 
pencil  and  paper  to  figure  out  the  proportional  change  in  pressure  compared 
with  a  normal  condition."  « 

But  it  must  not  be  forgotten  that  this  only  holds  good  for  the  barometer 
readings  reduced  to  sea-leveL  If  the  values  in  our  Weather  Reports  were 
reduced  to  106  or  100  m.  [348  or  328  ft]  above  sea,  the  advantage  quoted  by 
Prof.  M'Adie  holds  good  by  accepting  my  proposal ;  and  for  values  read 
directly  from  the  barometer,  if  no  numerical  or  graphical  corrections  are 
applied,  both  methods  of  expressing  the  results  (as  points  per  thousand  above 
or  below  the  average)  give  merely  rough  approximations.  For  places  below 
60  m.  in  height  M^Adie's  would  be  better,  for  places  above  50  m.  mine  would 
be  better.  But  if  corrections  are  applied,  it  is  somewhat  immaterial  whether 
comparison  is  made  with  1000  or  with  a  greater  quantity.  In  any  case  thia 
matter  appears  to  me  to  be  of  no  great  importance  compared  to  the  advantage 
of  a  rational  measure  applicable  both  to  science  and  technology. 

The  following  figures  give  the  conversion  of  some  values  of  the  proposed 
measure  into  that  at  present  in  use.  At  sea-level,  air-pressure  ordinarily  lies 
between  950  and  1050. 
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It  is  not  probable  that  the  countries  measuring  air-pressure  in  millimetres 
Mrill  change  their  present  system  without  very  strong  cause.  People  will  not 
allow  that  the  advantages  of  the  new  over  the  old  are  sufficiently  great  to  justify 
them  in  upsetting  the  far-reaching  agreement  arrived  at,  after  much  trouble,  on 
the  Continent.  Neither  will  they  take  upon  themselves  the  inconvenience  of 
the  state  of  transition  without  forcible  reasons.  But  if  the  countries  using 
English  measures  take  the  lead  in  this  direction,  and  if  there  be  a  well-grounded 
prospect  of  an  agreement  of  the  whole  world  in  meteorological  measures  by  the 
adoption  of  this  proposal,  then  probably  the  countries  using  the  metric  system 
would  willingly  take  upon  themselves  that  inconvenience  in  return  for  this  great 
advance  ;  but  only  when  by  doing  so  a  really  rational  uniform  system  is  obtained. 
For  purely  empirical  expedients  an  agreement  could  hardly  be  arrived  at. 

The  reform  need  at  first  only  be  carried  out  as  regards  meteorol(^. 
Engineers,  as  well  as  physicists  and  chemists,  will  likewise  presumably  not 
be  slow  to  profit  by  the  many  advantages  that  the  new  system  also  offers  to 
them ;  but  this  can  be  left  to  time — meteorology  need  not  postpone  its  intro- 
duction for  a  general  agreement  of  all  these  branches  of  knowledge. — 
W.  EopPBN,  Hon.  Mem.  Roy.  Met  Soc,  Deutsche  Seewarte,  Hamburg,  March 
7,  1909.1 

[It  may  be  noted  that  from  January  1,  1909,  the  Meteorological  Office  have 
in  the  Weekly  Weather  Report  actually  adopted,  for  recording  the  pressures  in 
the  upper  air,  the  unit  of  one  megadyne  per  square  centimetre,  which  is  exactly 
the  same  unit  as  Dr.  Koppen's  Bar.  See  Weekly  Weather  Report  for  1909, 
voL  26,  Preface,  p.  4. — Editors.] 

Inteniational  Balloon  Ascents  in  1909. 

Dr.  de  Quervain  and  Dr.  Stolberg  propose  to  undertake,  during  the  spring 
and  summer  of  this  year,  an  expedition  to  the  west  coast  of  Greenland.  In 
addition  to  their  other  work  they  wish  also  to  carry  out  aeronautical  experiments 

^  Dr.  Koppen's  letter  was  written  in  German,  and  has  been  translated  by  Mr.  J.  S. 
Harding,  F.R.Met.Soc.     EnrroRe. 
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with  both  captive  and  pilot  balloons.  Dr.  de  Quervain  has  requested  me  to 
alter  by  a  month  the  minor  series  of  ascents  for  spring,  because,  in  spite  of  all 
despatch,  the  travellers  will  not  be  able  to  commence  their  work  in  Green- 
land till  March  31. 

For  this  reason  I  propose  to  undertake  an  ordinary  ascent  on  April  1,  and 
to  carry  out  the  minor  series  on  May  5,  6,  and  7.  The  other  dates  will  not 
be  altered. 

The  following  dates  remain  for  the  year  1909 : — March  4  ;  April  1  ;  May 
6,  6,  and  7  (minor  series  of  ascents) ;  June  3  ;  June  30,  and  July  1  and  2 
(minor  series  of  ascents) ;  August  5  ;  September  2  ;  October  6,  7,  and  8  (minor 
series  of  ascents)  ;  November  4 ;  and  December  (great  series  of  ascents). — H. 
Hbroesell,  President,  International  Commission  for  Scientific  Aerostation, 
Straasburg,  February  9,  1909. 

Freezing  of  the  Wet-bulb  Thermometer. 

I  noticed  on  March  1  a  curious  anomaly  of  temperature,  which  I  cannot 
quite  understand. 

There  being  a  frost,  L  visited  my  instruments  in  the  Stevenson's  screen  at 
8.30  a.m.  in  order  to  moisten  the  wet-bulb,  but  to  my  surprise  I  found  that  the 
covering  of  the  bulb  and  the  thread  were  both  moist  and  unfrozen,  and  the 
reservoir  was  also  quite  unfrozen.  The  readings  of  the  instruments  were— 
minimum  (during  the  night),  26' -0  ;  dry-bulb,*  27*"  7  ;  wet-bulb,  32*-2.  1 
touched  the  muslin  and  the  thread  with  a  pipette  to  make  sure  I  was  not  mis- 
taken as  to  their  being  unfrozen,  and  whilst  I  was  there  the  reservoir  froze  up, 
becoming  cloudy  throughout,  owing  to  the  formation  of  ice.  I  remoistened  the 
wet-bulb,  and  returned  at  9.20  a.m.  to  take  the  usual  morning  readings,  when 
I  found  the  wet-bulb  frozen  hard,  and  the  readings^-dry-bulb,  30*''2  ;  wet-bulb, 
28''*0,  indicating  a  humidity  of  about  68  per  cent.  If  the  humidity  were  the 
same  at  the  earlier  reading  the  wet-bulb  should  have  registered  26°'l,  and  I  am 
at  a  loss  to  understand  how  the  reading  should  have  l)een  6°  higher. 

Would  the  heat  given  out  in  the  act  of  freezing  be  sufficient  to  account  for  it  ? 
But  even  then  it  seems  strange  that  the  water  should  have  remained  unfrozen 
so  long. — ^Arthur  Pbarsb  Jenkin,  Trewirgie,  Redruth,  March  3,  1909. 

[In  the  Quarterly  Journal,  vol.  31,  p.  54,  Mr.  W.  Marriott  gave  a  case  in 
which  he  found  the  muslin  and  conducting  thread  to  be  unfrozen  although  the 
temperature  of  the' air  was  6°  below  the  freezing-point.  The  actual  readings 
were — dry -bulb,  26* '0  ;  wet-bulb,  24' -6.  Immediately  after  touching  the  con- 
ducting thread,  both  the  thread  and  muslin  became  frozen,  and  the  mercury  in 
the  wet-bulb  forthwith  ran  up  to  32'. — Editors.] 

Oyclonic  Thnnderstorms  of  Jannary  7  and  15,  1909. 

A  very  short  but  violent  thunder-squall  passed  over  this  district  on  the 
night  of  January  7.  The  weather  previous  to  the  disturbance  had  been  overcast 
and  squally.  Towards  11.45  p.m.  a  dense,  black  cloud  (cu.-nim.)  moved  up 
rapidly  from  the  west,  the  wind  increasing  suddenly  from  West  to  almost  gale 
force,  accompanied  by  a  marked  moaning  sound.  There  was  a  loud,  rolling 
thunder-clap  at  11.50  p.m.  at  zenith,  torrential  rain  commencing  at  11.52  p.m., 
the  wind  being  estimated  as  force  7.  The  falling  rain  had  a  distinctly  rotatory 
motion  (as  seen  against  an  arc  lamp),  and  was  dashed  to  the  ground  with  great 
force.  A  second  clap  of  thunder  occurred  at  11.54  p.m.  followed  in  one  second 
by  fork  lightning  of  a  red  colour.  Rain  ceased  at  11.58  p.m.,  and  at  12  p.m. 
the  wind  had  dropped  to  a  light  breeze  from  North-west ;  sheet  lightning  was 
seen  to  the  south.  There  was  a  sudden  increase  in  pressure  amounting  to  *03 
in.  and  a  fall  in  temperature  of  6'.  Rainfall  yielded  '10  in.  No  hail  fell,  the 
path  lying  apparently  to  the  northward. 
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On  Jantuury  16  a  cjclonio  thonderatorm  occurred,  remarkable  for  the  number 
and  intensity  of  the  flashee  of  fork  lightning  (eleven  in  five  minutes).  After  a 
day  of  continuous  sunshine,  steady  rain  set  in  at  9.40  p.m^  developing  into 
heavy  rain  at  11  p.m.  Loud  thunder  was  first  heard  in  south-east  at  11. IS  pan., 
vivid  fork  lightning  being  first  seen  at  1 1.13  p.  m.,  the  interval  to  thunder  being 
twelve  seconds,  at  11.14  p.m.,  interval  to  thunder  ten  seconds,  and  11.14^  p.m., 
five  seconds  interval.  Between  1 1.15  and  1 1.18  p.m.  no  less  than  eight  brilliant 
flashes  of  fork  lightning  were  recorded,  of  a  deep  blue  colour.  The  storm  lay 
to  the  south-east,  and  travelled  away  in  a  southerly  direction.  There  was  no 
effect  on  the  barographic  trace. — Spbnckb  C.  RuaaicLL,  Epsom,  Surrey. 

Meteorological  Work  at  the  Boyal  Obeenratory,  Greenwich,  1908. 

The  meteorological  observations  by  eye  and  by  self-recording  instruments 
have  been  maintained  as  usual,  and  the  special  observations  of  clouds  on 
selected  days  in  each  month  have  been  continued  at  the  request  of  the  Inter- 
national Balloon  Committee,  a  Fineman  nephoscope  having  been  used  for  this 
purpose. 

Daily  reports  have  been  issued  as  in  previous  years,  weekly  meteorological 
returns  furnished  to  the  RegistnuvGeneral,  monthly  returns  of  temperature, 
rainfall,  and  sunshine  to  the  Society,  and  monthly  reports  to  the  Meteorological 
Office. 

The  temperature  of  the  air  ranged  between  84^*0  on  July  3,  and  12''*1  on 
December  30.  The  summer,  though  fine,  was  thus  not  very  hot,  but  the  cold 
weather  presented  some  unusual  features.  On  eight  days  only  during  1908 
was  a  maximum  temperature  of  80"  or  more  recorded  in  the  shade.  The  re- 
markable snowstorm  of  April  23-24  was  accompanied  by  exceptionally  low 
temperature.  It  is  a  curious  circumstance  that  since  the  closing  of  the  65 
years'  temperature  summary  in  1905,  the  mean  temperature  on  April  24  has 
set  up  a  fresh  "  record"  each  year,  being  in  1906  colder  than  on  any  April  24 
in  the  65  years,  in  1907  warmer  than  any  in  the  66  years,  and  in  1908  much 
colder  than  any  in  the  67  years.  A  similar  "  coincidence "  is  found  in  respect 
of  September  3,  except  that  in  this  case  1906  provided  the  warmest,  1907  the 
coldest  so  far,  and  1908  one  colder  still.  Towards  the  end  of  the  year  other 
noteworthy  periods  presented  themselves.  New  maximum  "  records  "  were  set 
up  for  four  successive  days,  September  30  to  October  3  ;  just  as  in  1906  four 
successive  maximum  records  were  set  up  from  August  31  to  September  3. 
Then  on  the  night  November  9-10  came  the  first  air-frost  of  the  season  with  a 
minimum  reading  22**'!,  which  was  not  only  lower  than  any  officially  recorded 
here  in  any  season  before  the  middle  of  November,  but  also  very  much  lower 
than  any  reading  obtained  for  the  first  frost  of  a  season.  Ten  days  later  came 
another  slight  frost,  and  then  no  more  until  after  Christmas,  when  a  very  re- 
markable frost,  commencing  with  snow  on  December  27,  and  accompanied  by 
a  heavy  fall  on  the  29th,  lasted  unbroken  from  about  9  a.m.  on  the  27th  to 
6  a.m.  on  the  31st,  or  little  less  than  96  hours,  during  which  the  thermometer 
reading  fell  to  12'''1  about  9  a.m.  on  the  30th,  within  21  hours  of  a  complete 
and  lasting  thaw.  Than  December  30,  1908,  no  colder  day  (mean  temperature) 
can  be  found  in  any  December  in  the  68  years  of  Greenwich  official  records. 
There  have  been  three  colder  days  in  January,  one  each  in  1841,  1867,  and 
1894,  but  there  have  only  been  five  days  with  a  lower  maximum  reading,  and 
fifteen  with  a  lower  minimum,  in  the  whole  period. 

Just  as  in  1907  in  spite  of  the  cold  summer,  the  mean  temperature  for  the 
year  was  very  little  below  the  normal,  so  in  1908  the  mean  temperature,  in 
spite  of  the  fine  weather,  was  very  little  above  the  normal,  being  49**8  as 
against  an  average  value  of  49''*6  from  65  years'  observations,  the  outstanding 
months  being  April,  3'-7  below  the  average,  and  February,  May,  October,  and 
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November,  reepectively  2''3,  S^^'Q,  3°-9,  and  S^'S  above  the  averages  for  those 
months. 

The  duration  of  sunshine  recorded  in  the  year  was  1634  hours,  or  132  hours 
more  than  the  average  of  10  years  1897-1906.  To  this  total  June  contributed 
261*6  hours,  an  amount  only  once  exceeded  in  June  (in  1877,  the  first  year 
of  complete  sunshine  records) ;  October  with  133''*3  hours  and  November  with 
76^*6  each  exceeded  the  sunshine  of  any  previous  year  for  those  months.  Of 
individual  days  the  sunniest^  both  in  totid  duration  and  in  percentage,  was  June 
26  with  15 '3  hours,  or  93  per  cent  of  the  time  the  sun  was  above  the  horizon. 
Ninety  per  cent  or  more  was  also  registered  on  July  1,  July  29,  August  12, 
September  30,  October  30,  and  November  8.  There  were  63  days  on  which  no 
register  was  obtained ;  more  than  half  of  these  days  were  in  January  or  December, 
none  in  June,  one  in  September,  two  each  in  March,  May,  July,  and  August^ 
and  three  in  October. 

The  highest  reading  of  the  solar  radiation  thermometer  with  blackened  bulb 
in  vacuo  was  147°'3  on  June  26,  already  noted  as  the  sunniest  day,  which  also 
provided  the  greatest  difference,  117**,  between  the  maximum  in  the  sun  and 
the  minimum  on  the  grass,  llie  lowest  reading  on  the  ground  was  2'**0  on 
December  30 — a  reading  equalled  on  Christmas  Day  1860,  but  only  once 
"beaten"  during  the  68  years  by  a  reading  of  -0'-5  on  February  12,  1846. 
On  19  days  in  1908  the  difference  between  the  maximum  in  the  sun  and  the 
grass  minimum  recorded  100°,  as  against  6  days  in  1907,  and  32  in  1906. 

Air-temperatures  of  32°  or  less  were  recorded  on  49  days,  most  of  them  in 
January  or  March ;  February,  April,  and  December  each  contributing  5,  and 
November  3. 

On  the  ground  the  number  of  days  similarly  counted  with  readings  of  32° 
and  under  was  141,  or  113  with  readings  of  30°  and  under,  which  correspond 
to  only  96  nights. 

Rain  fell  on  150  days  in  the  year  to  the  total  amount  of  23*784  ins.,  or 
*338  in.  less  than  the  average  for  the  65  years  1841-1905.  In  the  new  com- 
parison gauge  with  receiving  surface  1  ft  from  the  ground  instead  of  5  ins., 
the  amount  measured  was  23*421  ins.  The  driest  month  was  November,  with 
'764  in.,  and  the  wettest  July,  with  3664  ins.,  followed  by  August  with  3*283 
ins.  The  autumn  months,  September,  October,  and  November,  had  less  than 
4  ins.  total  rainfall,  being  the  driest  autumn  since  1890.  The  greatest  daily 
falls  were  1*041  inH.  on  July  13,  '954  in.  on  June  4,  and  '950  in.  on  January  8  ; 
on  8  other  days  falls  exceeding  half  an  inch  were  recorded.  Two  droughts 
occurred,  June  18  to  July  3,  and  July  20  to  August  4  inclusive. 

Tlie  greatest  recorded  pressure  of  the  wind  was  20  lbs.  to  the  square  foot 
on  February  22.  The  greatest  daily  velocity  was  747  miles  on  March  10,  and 
the  least  61  miles  on  October  4.  The  greatest  hourly  velocity  was  43  miles,  for 
the  hour  ending  5  p.m.  on  February  22.  The  total  movement  for  the  year  was 
100,924  miles,  the  greatest  monthly  movement  being  10,782  miles  in  February, 
and  the  least  5553  miles  in  October,  a  smaller  mileage  than  in  any  October 
since  the  present  instrument  was  set  up  (1867). 

Very  little  progress  has  been  made  during  the  year  with  the  discussion  of 
the  40  years'  homogeneous  records  of  the  Robinson  Anemometer,  but  a  consider- 
able amount  of  time  has  been  spent  in  preparing  for  a  rainfall  discussion  for  a 
period  of  50  years  to  end  with  1910. — [Sir]  W.  H.  M.  Christie,  Astronomer- 
Royal,  February  26,  1909. 

Meteorological  Work  at  the  Badcliffe  Observatory,  Qiford,  1908. — 

The  usual  meteorological  observations  and  automatic  registrations  have  been 
maintained,  and  the  results  forwarded  regularly,  as  heretofore,  to  the  Meteoro- 
logical Office  (by  daily  telegram),  the  Registrar-General,  the  Thames  Conservancy, 
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the  Metropolitan  Water  Board,  local  newBpapers,  to  public  and  sanitary  authori- 
ties,  and  numeroas  private  inquirera. 

During  the  year  1908  the  five  underground  platinum  thermometers  were 
read  daily.  Observations  made  with  these  thermometers  have  been  carried  on 
without  interruption  since  November  1, 1898,  but  it  is  intended  to  discontinue 
their  regular  use  at  the  end  of  1909.  At  the  request  of  the  Director  of  the 
Meteorological  Office,  daily  comparisons  have  been  made  between  the  platinum 
thermometers  and  two  ordinary  mercurial  thermometers  of  Symons*  underground 
pattern,  at  depths  of  6  ins.  and  3  ft.  6  ins. 

All  the  automatic  instruments  have  worked  well  during  the  year. 

The  following  are  the  chief  characteristics  of  the  weather  noted  at  Oxford 
during  the  year  1908  : — 

The  mean  reading  of  the  barometer  (reduced  to  32°  F.)  was  29*790  ins., 
which  is  '063  in.  higher  than  the  mean  for  the  preceding  53  years.  The 
highest  reading,  30*509  ins.,  occurred  on  February  6  ;  the  lowest  was  28*612 
ins.  on  December  11. 

The  mean  temperature  of  the  air  for  the  year  was  49**3,  or  0*'*5  above  the 
mean  for  the  preceding  80  years.  The  maximum  temperature  was  reached  on 
July  3,  viz.  83*-6 ;  and  the  minimum,  9'**4,  on  December  30.  The  lowest 
reading  of  the  thermometer  exposed  on  the  grass  was  4^**7  on  December  30. 

The  diflferences  of  the  mean  monthly  temperatures  from  the  corresponding 
means  for  the  preceding  80  years  are  : — 


January 

.     -1*7 

May    .     . 

+  81 

September . 

.     -0*4 

February     . 

,     +2*7 

June   .     . 

+  0-9 

October      . 

.     +8*7 

March     .     . 

.     -1*6 

July    .     . 

+0*2 

Noyembar . 

.     +8-2 

April      .     . 

.      -8-6 

August    . 

-0-9 

December  . 

.      -01 

Bright  sunshine  was  recorded  during  1536  hours,  or  73  hours  above  the 
mean  for  the  preceding  27  years.  The  monthly  differences  from  the  mean  are 
indicated  in  the  following  table  : — 


hoars. 

hours. 

hours. 

January  . 

.      +   9 

May     . 

.     +  7 

September  . 

.      -18 

Febraary 

.      +   2 

June    . 

.     +68 

October .     . 

.      +16 

March      . 

.      -84 

July     . 

.     +  7 

November  . 

.      +16 

April  .     . 

.      -18 

August 

.     +81 

December    . 

.      -12 

Rainfall  on  the  ground  amounted  to  23*725  ins.,  a  total  which  is  2*314  ins. 
below  the  average  for  the  preceding  93  years.  The  number  of  "  rain  days " 
(t.e.  *010  in.  and  over)  was  141.  The  divergencies  of  the  monthly  totals  from 
the  corresponding  mean  values  for  the  previous  93  years  were : — 


ins. 

ins. 

ins. 

January  . 

-0*284 

May       . 

-0*616 

September.     , 

.     -0*907 

February . 

-0*754 

June 

-0*680 

October      .     , 

.     -1*708 

March      . 

+  1095 

July       . 

-0*419 

November .     , 

.     -1*239 

April  .     . 

+  2*562 

August  . 

+  0*668 

December  .     . 

.      -0*078 

Solar  and  lunar  halos  have  been  frequently  observed  during  the  year ;  on 
April  29  and  September  3  the  halos  seen  were  more  than  usually  interesting, 
as  they  were  accompanied  by  multiple  parhelia. 

Displays  of  aurora  happened  on  September  14  and  29,  and  November  19. 

A  special  feature  in  the  weather  of  1908  was  the  manifestation  of  extra- 
ordinary conditions  and  rapid  changes  during  the  closing  days  of  April  and  the 
first  two  days  of  May.  For  the  time  of  year,  as  far  as  our  records  have  been 
consulted,  the  conditions  prevailing  in  this  interval  are  quite  unprecedented,  and 
were  briefly  as  follows : — ^On  April  23,  rain,  snow,  and  sleet  had  freely  alter- 
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nated  ;  but  April  24  was,  until  3  p.m.,  brilliantly  fine,  no  less  than  8^  hours 
of  bright  sunshine  being  recorded.  The  maximum  air-temperature  (41  '5)  was 
recorded  at  3  p.m.,  and  almost  immediately  afterwards  the  fair  weather  terminated, 
and  snow  began  to  fall  in  frequent  showers.  A  heavy  snowstorm  commenced  at 
10*30  p.m.  and  persisted  during  the  succeeding  24  hours,  until  there  was  an 
average  depth  of  17  ins.  The  early  fruit-trees  were  in  bud  and  blossom,  and 
these,  together  with  ornamental  trees  and  shrubs,  were  much  damaged  by  the 
weight  of  accumulated  snow.  Sunrise  on  April  26  induced  a  rapid  thaw,  and 
the  temperature  rose  rapidly  to  49'*'4.  After  a  brief  interval  of  5  days,  another 
record  was  established  by  the  air-temperature  running  to  76** -4.  This  maximum 
is  9'''4  higher  than  the  mean  of  the  absolute  maxima  for  the  month  of  April  as 
recorded  at  Oxford  during  48  years,  and  is  even  2'''9  higher  than  the  corre- 
sponding mean  for  the  whole  of  May. — Arthur  A.  Rahbaut,  Radcliffe  Observer, 
March  2,  1909. 

Temperature  and  Rainfall  at  Pemba,  R  Africa. 

The  island  of  Pemba  is  situated  on  the  east  coast  of  Africa,  about  five  degrees 
south  of  the  Equator,  and  just  north  of  Zanzibar.  Its  chief  industry  is  the  gro\i  th 
of  cloves  ;  this  is  largely  in  the  hands  of  Arabs  who  cultivate  with  slave  labour. 
It  is  under  British  Protectorate.  When  some  years  since  there  commenced  a 
movement  for  the  manumission  of  the  slaves,  the  Society  of  Friends  in  England 
sent  out  Mr.  Theodore  Burtt,  an  expert  Lincolnshire  farmer,  to  aid  the  slaves 
as  they  received  their  freedom.  He  purchased  plantations  and  has  been  grow- 
ing cloves  with  freed  labour.  He  is  now  planting  rubber,  but  this  has  not  gone 
beyond  the  experimental  stage. 

Mr.  Burtt  soon  began  to  take  regular  notes  and  observations  of  rainfedl  and 
temperature,  and  some  of  these  have  been  published  both  in  Symon^s 
Meteorological  Magazine  and  in  the  Quarterly  Jowrrud,  He  has  now  sent  the 
following  summary  of  the  nine  years  1899  to  1907  : — 

Summary  of  Meteoeological  Observations  taken  at  Banani,  Island  of 
Pemba,  East  Africa,  1899-1907. 


Temperature. 

Rainfall. 

Years. 

Mean 

Mean 

Absolute 

Absolute 

Extreme 

Amount. 

No.  of 

Max. 

Min. 

Max. 

Min. 

Range. 

Days. 

1899          .          . 

83-3 

7o'2 

92-0 

650 

270 

ins. 
10524 

149 

1900 

«3-5 

71-3 

95.0 

66.0 

29-0 

9035 

160 

1901 

81.8 

70.4 

90-5 

65-0 

255 

92.78 

166 

1902 

82.8 

71-4 

91-0 

670 

24.0 

68.72 

132 

1903 

82.3 

71-3 

915 

66.0 

25-5 

63.24 

136 

1904 

810 

704 

90.5 

65.0 

25-5 

86.25 
101.28 

156 

1905 

816 

713 

90.5 

640 

26.5 

153 

1906 

81.4 

705 

920 

64-0 

280 

10858 

178 

1907 

81.5 

702 

89-0 

63-0 

26.0 

76.23 

177 

Mean 

82.1 

70-8 

950 

63-0 

32-0 

88.07 

156 

Sun  temperature  in  January  is  175°,  in  July  160°. 

The  extreme  range  of  temperature  in  the  nine  years  is  32°.  The  absolute 
maximum  varies  only  from  89°  to  95°,  and  the  absolute  minimum  from  63°  to 
67°.  In  rainfall  there  is  considerable  variation.  From  105*24  ins.  during 
1899,  it  sank  gradually  to  63*24  ins.  during  1903  ;  it  then  increased  again  to 
108*58  ins.  during  1906.  The  rain  days  vary  in  number  from  a  minimum  of 
132  in  the  year  1902  to  a  maximum  of  178  in  1906. 
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The  climate  is  not  a  happy  one  for  Earopeans.  Mr.  Burtt'a  work  soon 
grew,  BO  that  helpers  were  sent  out,  and  for  some  years  a  regular  mission  has 
been  established  on  the  island.  Home  furloughs  at  intervals  of  a  few  years  are 
necessary ;  some  missionaries  have  died ;  others  have  become  so  invalided  (Mr. 
Burtt's  wife  among  them)  as  to  render  return  highly  imprudent  The  observer 
is  not  therefore  always  the  same.  It  is  interesting  to  note  that  one  missionary 
continues  in  the  perfect  health  which  he  enjoyed  in  England. — T.  P.  Newman. 

Thnndentorm  at  PortBmonth,  Febmary  14,  1809. 

The  Times  newspaper  of  February  17,  1909,  reprinted  the  following  article 
from  The  Times  of  the  same  date,  1809  : — 

^'Remarkable  Oocubrence. 

"  We  have  been  fiatvoured  with  the  perusal  of  a  letter  from  on  board  the 
Warren  Hastings^  recently  launched  at  Portsmouth,  and  now  moored  at  the 
Mother  Bank,  which  states  a  singular  occurrence  that  took  place  on  board  of 
that  ship  on  the  1 4th  instant,  for  the  truth  of  which  we  can  vouch  : — 

^  The  morning  being  fine,  it  was  deemed  necessary  to  get  up  the  top-gallant 
masts,  which  occupied  some  hours.  About  three  o'clock  in  the  afternoon  the 
atmosphere  was  overcast  to  the  westward,  and  every  appearance  indicated  the 
approach  of  a  violent  storm.  Several  alert  sailors  were  sent  aloft  to  strike 
the  top-gal]ant  masts  as  speedily  as  possible,  but  while  lowering  them  the  wind 
blew  tremendously,  and  the  rain  fell  in  torrents^  accompanied  by  heavy  claps  of 
thunder.  In  the  midst  of  the  confusion  occasioned  by  the  storm,  three  distinct 
balls  of  fire  were  emitted  from  the  heavens ;  one  of  them  fell  into  the  main- 
topmast  cross-trees,  killed  a  man  on  the  spot^  and  set  the  main-mast  on  fire, 
which  continued  in  a  blaze  for  about  five  minutes,  and  then  went  out  The 
seamen  both  aloft  and  below  were  almost  petrified  with  fear.  At  the  first 
moment  of  returning  recollection,  a  few  of  the  hands  ran  up  the  shrouds  to  bring 
down  their  dead  companion,  when  the  second  ball  struck  one  of  them,  and  he 
fell,  as  if  shot  by  a  cannon,  upon  the  guard  iron  in  the  top,  from  which  he 
bounded  off  into  the  cross  jack  braces.  Finding  that  he  still  survived,  he  was 
relieved  from  his  perilous  situation,  and  brought  upon  deck  with  his  arms  much 
shattered  and  burnt  This  poor  fellow  was  expected  to  undergo  immediate 
amputation,  as  the  only  means  of  saving  his  life.  The  third  ball  came  in  contact 
with  a  Chinese,  killed  him,  and  wounded  the  main-mast  in  several  places ;  the 
force  of  the  air,  from  the  velocity  of  the  ball,  knocked  down  Mr.  Lucas,  the 
chief  mate,  who  fell  below,  but  was  not  much  hurt  For  some  time  after  the 
storm  subsided,  a  nauseous,  sulphureous  smell  continued  on  board  the  ship. 

"  A  report  prevailed  at  Portsmouth  on  Tuesday,  that  eight  of  the  crew  had 
been  killed  ;  but  the  above  account  may  be  depended  on  as  the  most  accurate." 

Luke  Howard  in  his  Climate  of  London,  2nd  edition,  voL  2,  p.  69,  gives  the 
following  notes  for  February  14,  1809  : — 

**  During  a  heavy  storm  of  wind,  accompanied  by  thunder,  rain,  and  hail, 
the  house  of  a  baker  in  New  Navy  Row,  Plymouth  Dock,  was  struck  by  light- 
ning, and  together  with  the  two  adjoining  houses  materially  damaged.  On  the 
same  day  at  Paris,  the  barometer  being  just  past  the  minimum  for  the  month, 
the  wind  very  strong  at  West  with  much  rain,  there  was  thunder  at  6  p.m., 
and  a  bouse  near  the  city  was  struck  by  lightning.  A  portion  of  the  bell-wire 
in  this  house  was  dispersed  and  fixed  as  a  very  extensive  stain  in  the  wall  of  the 
apartment :  one  portion  of  the  iron  being  thrown  off  each  way,  at  right  angles 
from  the  course  of  the  wire,  in  mossy  ramifications  ;  and  another  above  it,  more 
perfectly  dissipated,  in  a  figure  resembling  an  electrified  lock  of  hair  in  the  midst 
of  a  cloud  of  smoke.     The  stain  measured  six  feet  by  four. " 
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Thnndentonns  in  Ctomumy. 

The  AhhandltrnQf  Band  IL,  No.  2,  of  the  Bojal  Prussian  Meteorological 
Institute,  is  devoted  to  an  elaborate  discussion,  by  Mr.  T.  Arendt,  of  the  thunder- 
storm observations  made  in.  North  and  Central  Germany  during  the  10  years 
1887-1896.  The  number  of  stations  from  which  returns  were  used,  and  also 
the  average  number  of  thunderstorms  per  station  in  each  of  these  years,  weie  as 
follows : — 


Stations. 

Thandentormfl 
per  Station. 

Bf-Mrm.       Thnndentorms 
BUiaons.         per  Station. 

1887     . 

1100               14-8 

1892      .        .      1418 

26-9 

1888      . 

1338               21-0 

1893      .        .      1403 

27-2 

1889      . 

1321               32-2 

1894      .        .      1376 

277 

1890      . 

1241                30-6 

1896      .         .      1346 

82-2 

1891      . 

1437                33*2 

1896      .         .      1331 

297 

The  mean  monthly  distribution  of  thunderstorms  in  the  various  districts 

was — 

District. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept 

Oct. 

Nov. 

Dec 

West  German 

Highland    . 

o-o6 

0.05 

0.47 

112 

325 

4-36 

600 

4-45 

132 

0.52 

O-IS 

014 

Schlcswig- 

Holstein     . 

OOI 

O-II 

0-36 

0.85 

249 

2-93 

442 

3-74 

1-35 

III 

025 

0-19 
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The  time  of  the  greatest  frequency  of  thunderstorms  is  between  3  and  6  p.m. 
There  are,  however,  secondary  maxima  between  8  and  10  p.m.,  and  also  in  the 
early  morning  hours. 

Meteorological  Oonditionfl  controlling  the  Nile  Flood. 

Mr.  J.  I.  Craig  gives  in  the  Cairo  Scientific  Journal  a  report  on  the  expedi- 
tion which  was  sent  by  the  Egyptian  Survey  Department  to  Addis  Abbaba  in 
1907  "to  study  the  meteorological  conditions  controlling  the  Nile  Flood.'' 
This  place  was  selected  for  the  seat  of  observations,  for,  although  not  in  the 
basin  of  the  Nile,  it  was  sufficiently  near  to  make  it  highly  probable  that  the 
conditions  in  the  basin  of  the  Blue  Nile  would  be  similar  to  those  observed. 
Addis  Abbaba  was  reached  on  June  15,  and  the  rains  did  not  commence  until 
July  2.  They  may  be  said  to  have  ceased  on  September  20,  and  the  expedi- 
tion left  on  the  return  journey  on  October  25,  so  that  there  was  an  opportunity 
of  comparing  the  weather  of  the  dry  season  with  that  of  the  rain.  As  it 
happened,  the  Nile  Flood  of  1907  turned  out  to  be  the  worst  there  has  been 
for  40  years. 

Mr.  Craig  summarises  the  results  as  follows  : — The  rainfall  may  be  divided 
into  two  classes,  one  a  light  but  persistent  drizzle,  similar  to  that  known  in 
Britain  as  a  "  Scotch  Mist,"  the  other  of  the  nature  of  a  heavy  but  intermittent 
downpour.  The  first  is  probably  purely  orographic,  the  second  mainly 
associated  with  thunderstorms.    In  the  latter  case,  however,  it  may  be  considered 
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that  the  mountain-range  produces  an  effect  in  bringing  the  air-masseB  to  the 
point  of  saturation,  and  thus  preparing  them  for  the  action  of  the  convectional 
ascensional  movement  This  rainfall  was  usually  associated  with  South  or 
South-westerly  winds ;  but  the  direction  of  approach  of  the  thunder  squalls 
was  generally  from  north-east  or  east,  which  appeared  to  be  the  direction  of  the 
upper  currents.  There  is  a  well-marked  diurnal  periodicity  in  the  rain&ll, 
with  a  maximum  in  the  afternoon,  and  secondary  maxima  in  the  morning  before 
sunrise,  and  in  the  evening  about  an  hour  after  sunset  On  days  of  normal 
rainfall  the  late  morning  hours  were  usually  fine,  but,  with  remarkable 
regularity  at  12.30  p.m.  the  first  thunder  would  be  heard,  followed  about  1 
p.m.  by  the  first  rain.  After  several  heavy  showers,  sometimes  accompanied  by 
heavy  falls  of  hail,  the  thunderstorm  would  pass  away  to  the  south-west  or 
west,  and  the  evening  would  be  fine,  but  frequently  with  a  recrudescence  of 
the  thunder  and  rain  after  sunset  The  chief  rainfall  was  therefore  associated 
with,  but  not  necessarily  caused  by,  electrical  disturbance.  The  evening 
maximum  is  in  all  probability  to  be  attributed  to  the  radiation  that  must 
commence  to  act  strongly  as  soon  as  the  upper  surface  of  the  saturated  air 
forming  the  cloud  layer  is  deprived  of  the  warmth  of  the  sun's  rays.  The  early 
morning  rainfall  was  probably  caused  by  radiation  also,  but  this  point  is  more 
obscure.  The  intensity  of  the  rainfall  varied  much  locally,  and  was  much 
influenced  by  the  direction  taken  by  the  thunder  squalls,  which  again  appeared 
to  he  influenced  by  the  position  of  the  surrounding  hills  with  respect  to  the 
town.  The  squalls  sometimes  advanced  along  the  hills  to  the  south,  in  which 
case  the  eastern  end  of  the  town  was  outside  their  influence,  while  the  western 
end  came  within  it  Thus  the  rainfall  at  the  latter  was  in  general  heavier  than 
at  the  former.  The  general  conclusion  appears  to  be  that  the  determining  cause 
of  the  rainfall  is  the  ascensional  movement  with  which  thunderstorms  are 
associated.  But  the  total  fall  of  rain  in  a  day  will  be  influenced  not  only  by 
the  ascensional  movement,  but  also  by  the  absolute  amount  of  moisture  near 
the  saturation  point,  in  the  air ;  and  also  by  the  rate  at  which  the  moist  air  is 
supplied. 

Accounts  from  all  parts  of  Abyssinia,  from  Shoa  south  to  the  country  of  the 
Arussi,  agree  in  stating  that  the  intensity  of  electrical  phenomena  was  much 
greater  in  1907  than  it  had  been  for  many  years.  This  appears  to  prove  that 
the  ascensional  movement  was  greater  than  of  late  years,  a  condition  favourable 
to  heavy  rainfall.  If  the  rains  failed,  as  they  undoubtedly  did,  the  reason  is 
to  be  sought  probably  in  the  contributory  conditions,  the  total  amount  of  the 
moisture  and  the  rate  of  supply.  The  question  of  the  absolute  water-content 
of  the  air  is  still  under  consideration  ;  but  as  regards  the  rate  of  supply,  observa- 
tions in  the  Sudan  show  that  wind-force  in  August  and  September  was  notably 
below  normal  This  would  go  to  prove  that  the  velocity  of  the  supply-current 
was  much  less  than  usual,  with  a  resulting  prejudicial  effect  on  the  total  rain- 
fall. A  further  cause  of  deficiency  of  the  rainfall,  although  the  evidence  here 
is  less  clear,  will  be  found  in  the  probable  northward  extension  of  the  Kharif 
air-current  in  1907,  which  would  indicate  that  a  part  of  the  current  was 
diverted  round  to  the  north  of  the  Abyssinian  plateau,  in  place  of  over  it  as 
usual.  There  is  some  evidence  that  the  North-east  trade  wind  in  Egypt  was 
weaker  than  usual  in  the  summer  of  1907.  It  is  fairly  clear  that  this  North- 
east wind  must  rise  over  the  damper  but  colder,  and  therefore  on  the  whole 
heavier,  air  of  the  South-western  current,  which  becomes  more  Westerly  in  the 
north  Sudan.  The  consequence  must  be  an  action  by  the  trade  wind  on  this 
current,  tending  to  push  the  latter  southward.  A  well-developed  trade  wind 
would,  on  this  hypothesis,  lead  to  a  migration  of  the  Kharif  current  southwards, 
while  a  weak  trade  would  favour  a  northerly  migration.  It  appears  probable 
that  this  is  what  happened  in  1907,  and  accordingly  that,  a  portion  of  the 
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moiBture-bringiDg  current  having  been  diverted  to  the  north  of  the  plateau,  the 
total  supply  of  moisture  in  the  basin  of  the  Blue  Nile  was  less  than  usual. 
Another  possible  reason  for  the  variation  of  the  rains  is  to  be  found  in  the 
changing  thickness  of  the  moist  current,  but  this  point  is  still  under  considera- 
tion, and,  further,  is  this  year  [1908]  being  attacked  directly  by  kite  and  balloon 
observations. 

It  may  not  be  inappropriate  to  add  a  word  on  the  place  of  origin  of  the 
moisture-laden  current.  Various  considerations  show  that  in  the  neighbourhood 
of  the  Abyssinian  plateau  the  prevailing  direction  of  the  current  is  from  West 
or  more  generally  South-west.  Observations  of  wind  direction  in  the  Sudan 
during  the  period  of  the  Eharif  bring  this  out  clearly,  and  the  same  prevalence 
is  to  be  found  at  places  on  or  near  the  east  coast,  like  Lugh  and  Jibuti.  Further 
north,  at  Suakin,  the  prevailing  direction  becomes  Westerly,  and  on  the  higher 
plateau,  as  at  Adua  and  Addis  Abbaba,  there  is  an  alternation  of  North-east  and 
South-west  winds  during  the  season  of  the  heavy  rain&  The  explanation  of  this 
phenomenon  is  probably  to  be  found  in  the  variation  of  thickness  of  the  South- 
west current.  When  this  current  is  deeper  than  usual,  it  lifts  the  North-easterly 
current  above  the  plateau,  but  as  it  becomes  shallower  it  allows  the  upper 
current  to  sink  on  to  the  higher  part  of  the  plateau.  The  end  of  the  rainy 
season  is  signalled  by  the  commencement  of  a  steady,  dry  Easterly  current  at 
Addis  Abbaba,  long  before  the  South-westerly  wind  has  ceased  in  the  Sudan. 
Thus  wind-observations  on  both  sides  of  the  plateau  point  to  the  prevalent  direc- 
tion as  being  South-westerly.  A  similar  conclusion  is  reached  when  one  compares 
hydrographically  the  western  side  of  the  plateau  with  the  eastern.  The  rivers 
rising  on  the  former  are  much  more  important  than  those  on  the  latter,  from 
which  it  may  naturally  be  inferred  that  the  rain&ll  is  heavier  on  the. western 
side,  and  consequently  that  this  is  the  windward  side  of  the  plateau.  Observa- 
tions and  reports  agree  that  the  South-west  wind  is  the  wettest  in  Abyssinia. 
These  facts  tend  to  prove  that  the  current  which  supplies  the  moisture  must 
come  from  the  South-west  Let,  then,  this  current  be  traced  backwards  across 
Africa.  Observations  are  scarce  over  the  basin  of  the  Congo,  but  such  as  there 
are  point  to  the  existence  of  a  Westerly  or  South-westerly  current  there  also  at 
this  season.  Similarly  on  the  West  Coast  of  Africa  the  prevalent  wind  direction 
during  the  northern  summer  is  still  Westerly  or  South-westerly.  The  conclusion 
is  inevitable  that  the  current  comes  from  the  South  Atlantic,  and  that  it  there 
obtains  the  moisture  which  is  precipitated  in  Abyssinia,  and  ultimately  finds  its 
way  to  Egypt  as  the  Nile  Flood.  This  theory  bears  on  only  one  factor  of  the 
rainfall,  the  supply  of  the  moisture.  The  velocity  of  the  current  would  still 
be  in  great  part  determined  by  the  isobaric  gradients  of  the  great  monsoon 
depression,  and  finally  the  convectional  ascensional  movement  would  probably 
require  separate  discussion. 

Dew-Ponds. 

In  an  interesting  paper  on  '<  Dew-Ponds,"  read  before  the  Royal  Society  of 
Arts  on  March  3,  1909,  Mr.  Qeorge  Hubbard  said  that  the  essential  difference 
between  a  dew-pond  and  an  ordinary  pond  lies  in  the  fact  that  an  ordinary 
pond  obtains  its  water-supply  from  springs  or  surface-water  drainage ;  but  the 
dew -pond,  owing  to  its  special  form  of  construction  and  the  nature  of  the 
materials  used  in  it,  will  condense  the  moisture  from  the  air.  As  the  air  is 
present  all  over  the  surface  of  the  earth,  the  question  which  presents  itself 
to  the  practical  mind  is,  whether  dew -ponds  could  with  advantage  be  intro- 
duced into  waterless  lands?  To  predict  the  answer  to  this  question  it  is 
necessary  to  know,  not  only  the  temperature  of  air  as  measured  by  the  dry-  and 
wet-bulb  thermometers,  but  also  the  radiating  power  of  the  surface  of  the 
pond. 
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Regarding  the  oonetruction  of  a  dew-pond,  the  author  staiee  that  operatioDB 
are  commenced  by  hollowing  out  the  earth  for  a  space  far  in  excess  of  the 
apparent  requirements  of  the  proposed  pond.  The  whole  of  the  hollow  is  then 
thickly  covered  with  a  coating  of  dry  straw.  The  straw  in  its  turn  is  covered 
by  a  layer  of  well-chosen  finely-puddled  clay,  and  the  upper  surface  of  the  clay 
is  then  closely  strewn  with  stones.  Care  must  be  taken  that  the  margin  of  the 
straw  is  effectively  protected  by  clay. 

The  pond  will  gradually  become  filled  with  water,  the  more  rapidly  the 
larger  it  is,  even  though  no  rain  may  falL  If  such  a  structure  is  situated  on  the 
summit  of  a  down,  during  the  warmth  of  a  summer  day  the  earth  will  have 
stored  a  considerable  amount  of  heat,  while  the  pond,  protected  from  the  heat 
by  the  non-conductivity  of  the  straw,  is  at  the  same  time  chilled  by  the  process 
of  evaporation  from  the  puddled  clay.  The  consequence  is  that  during  the 
night  the  moisture  of  the  comparatively  warm  air  is  condensed  on  the  surface 
of  the  cold  clay.  Owing  to  the  chilling  effect  of  evaporation  from  this 
thermally  isolated  surface,  the  condensation  during  the  night  is  in  excess  of 
the  evaporation  during  the  day,  and  the  pond  becomes,  night  by  night, 
gradually  filled.  The  dew-pond  will  cease  to  attract  the  dew  if  the  layer  of 
straw  should  get  wet,  as  it  then  becomes  of  the  same  temperature  as  the  sur- 
rounding earth,  and  ceases  to  act  as  a  non-conductor  of  heat 

OompoBition  of  Barbados  Kainfall 

In  the  "Report  on  Agricultural  Experiments,"  which  were  conducted  in 
Barbados  in  the  season  1905-1907  under  the  direction  of  the  Imperial  Depart- 
ment of  Agriculture  for  the  West  Indies,  particulars  are  given  of  the  amount 
and  composition  of  the  rainfall  at  Dodds  Botanic  Station.  Fortnightly  samples 
were  analysed  at  the  Government  Laboratory.  The  total  amount  of  rainfall 
from  December  1905  to  May  1907  was  76*53  ins.,  and  this  supplied  approxi- 
mately 175  pounds  of  chlorine  and  9*5  pounds  of  nitrogen  per  acre. 
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Humidity  in  Ootton-Weaving  Sheds. 

In  November  1907,  the  Home  Secretary  appointed  a  Departmental  Com- 
mittee to  inquire  into  the  subject  of  Humidity  and  Ventilation  in  Cotton- Weav- 
ing Sheda  Sir  Hamilton  P.  Freer-Smith  was  appointed  Chairman.  The 
Committee  have  now  issued  their  Report  Among  their  recommendations  are 
the  following  relating  to  humidity : — 

1.  That  in  view  of  the  generally  expressed  opinion  of  physiologists  that  the 
health  and  comfort  of  the  workers  is  dependent  on  the  wet-bulb  temperature, 
rather  than  on  the  dry-bulb  temperature,  or  the  relative,  or  the  absolute 
humidity,  a  limit  of  temi)erature  on  the  wet-bulb  thermometer  be  fixed  at 
which  all  admission  of  artificial  humidity  shall  cease,  this  limit  to  be  decided 
by  early  experiments  and  to  be  the  lowest  necessary  for  efficient  weaving. 

2.  That  the  present  schedule  of  humidity  be  amended  by  eliminating  all 
temperatures  above  the  maximum  wet-bulb  reading  to  be  hereafter  determined 
and  all  temperatures  below  50°  F^  on  the  dry-bulb,  and  that  a  minimum  differ- 
ence between  the  readings  of  the  dry-  and  wet-bulb  thermometers  be  fixed  when 
the  maximum  wet-bulb  temperature  has  been  decided. 

8.  That  in  order  to  secure  general  confidence,  the  readings  of  the  ther- 
mometers to  be  taken  jointly  by  representatives  of  the  employer  and  em- 
ployed, and  that  a  statement  relating  to  these  readings  be  entered  in  a  register 
to  be  kept  at  the  works  and  to  be  examined  by  H.M.  Inspectors  of  Factories, 
but  that  records  be  sent  to  the  Home  Office  only  when  irregularities  are  found, 
and  the  practical  details  be  settled  by  conference  between  official  representatives 
of  the  Manufacturers'  and  Operatives'  Associations. 

9.  That  power  be  given  to  the  Secretary  of  State  to  prescribe  a  standard 
hygrometer,  that  distilled  water  only  be  used,  kept  sufficiently  long  in  the  shed 
to  acquire  the  shed  temperature,  and  that  provision  be  made  to  prevent  the  wet- 
bulb  moisture  affecting  the  dry-bulb  thermometer. 


RECENT  PUBLICATIONS. 

Lightning  and  the  Churches,     By  Alfred  Hands.     London :  J.  W.  Gray 
and  Son,  1909.     8vo.     92  pp.     Is. 

This  book  has  been  written  with  the  object  of  calling  attention  to  the  fact 
that  churches  are  most  frequently  struck  by  lightning  owing  to  inefficient  con- 
ductors, or  to  conductors  that  may  have  deteriorated  through  the  effects  of  time. 
The  author  points  out  that  the  lightning  conductor  system  should  be  inspected 
and  tested  periodically  by  an  expert. 

Mr.  Hands  states  that  he  is  compiling  a  chart  of  England  and  Wales  show- 
ing the  places  where  damage  by  lightning  has  occurred,  and  also  the  nature  of 
the  objects  struck.  During  the  period  from  1897  to  the  commencement  of 
1908,  there  were  7793  instances  of  damage,  which  were  distributed  as  follows  : — 

211  cathedrals,  churches,  and  chai)els. 

3190  other  buildings  of  various  kinds. 

226  ricks  and  stacks. 

1261  trees. 

194  persons  killed. 

1016  persons  injured. 

1307  cases  in  which  animals  were  killed. 

398  objects  not  covered  by  the  foregoing  classes. 
L 
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As  regards  the  animalB  killed,  it  is  pointed  out  that  the  cases  vary  from  single 
ones  to  as  many  as  49  in  a  flock,  and  by  one  stroke  of  lightning,  and  that  the 
total  number  killed  during  this  period  would  probably  amount  to  5000  or  more. 

Mr.  Hands  estimates  that  the  monetary  loss  varies  from  £60,000  to 
£100,000  per  annum,  but  these  figures  may  be  far  below  the  real  vahie,  for  the 
cost  of  reinstating  is  often  very  much  greater  than  would  have  been  expected 
from  an  inspection  of  the  structure  immediately  after  the  accident. 
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The  following  titles  of  papers  bearing  on  Meteorology  have  been 
selected  from  the  contents  of  some  of  the  periodicals  and  serials  which 
have  been  received  in  the  Library  of  the  Koyal  Meteorological  Society. 
This  is  not  a  complete  list  of  all  the  published  meteorological  articles,  but 
only  shows  those  that  appear  to  be  of  more  general  interest. 

Alfanl,  P.— Le  Grand  Barom^tre  de  Texpositioii  de  Faenza.  del  et  Terre,  BrusteUf 
29,  1908  (483-493). 

Angot^  M.  A. — La  Vie  et  lea  trayaux  de  M.  Mascart.  Ann,  Soc,  MU.  France^  Paris, 
66,  1908  (229-237). 

Aahworth,  J.  B. — An  Analysis  of  the  Meteorological  Elements  of  Rochdale.  Reprinted 
from  Trans.  Jiochdale  Lit,  and  Sci,  Soc,  RochdaU,  1908. 

r,  K. — Scientific  Ballooning  and  Weather  Forecasts.  Translated  from  Blust, 
Aeron,  MiU,,  12,  1908  (29-83),  by  Prof.  A.  G.  M*Adie.  Monthly  JFeather  Rev,, 
WasKingUm,  86,  1908  (283-284). 

,  G.  E. — A  New  Method  of  Collecting  Atmospheric  Electricity.    With  a  Descrip- 
tion of  the  Relay  Electroscope.    KnowUdge^  London,  6,  1908  (279-280). 

Blgelow,  F. — Studies  on  the  Vortices  of  the  Atmosphere  of  the  Earth.  The  De 
Witte  Typhoon,  August  1-3,  1901.  Monthly  Weather  Rev,,  Washington,  36, 
1908  (328-333). 

Brendel,  M. — Cber  das  Nordlicht  yora  30.  Juni.  Meteor.  Zeits.,  Brunswick,  86,  1908 
(552-566). 

Garon,  E. — Note  sur  les  lueurs  cr^pusoulaires  au  coucher  du  soleil.     Ann,  Soc  M&.  de  ^ 
France,  Paris,  66,  1908  (253-255). 

Ghetwynd,  L. — Results  of  Magnetic  Obseryations  at  Stations  on  the  Coasts  of  the 
British  Isles,  1907.     Proc  Roy.  Soc,  London,  81,  1908  (475-476). 

Clayton,  H.  H. — The  Scientifio  Aspect  of  a  Balloon  Voyage.  Monthly  Weather  Rev., 
Washington,  86,  1908  (296-297). 

CcinrdeTache,  P. — l&Mments  m^t^orologiques  k  Perpignan  suiyant  les  cartes  du  temps. 
Ann,  Soc  M4t.  de  France,  Paris,  66,  1908  (266-267). 

D(arwln.  Sir),  O.  H. — (Obituary  Notice  of)  Lieutenant-General  Sir  Richard  Strachey, 
G.C.S.I.,  1817-1908.    Proc  Roy.  Soc,  London,  81,  1908  (^4-93). 

Dayis,  H. — ^The  Application  of  the  Hygrometer  in  Coal  Mines.  Excerpt  from  Trans. 
Inst,  of  Mining  Engineers,  NewcasUe-on-Tyne,  1908. 

Decheyrens,  H. — Les  Phdnom^nes  de  temperature  dans  les  tourbillons  et  en  particulier 
dans  la  haute  atmosph^.  Reprinted  from  Mem,  del  Pont  Accad,  Romano,  Rome, 
86,  1908. 

Dial,  8. — ^Un  Temporal  de  Inyiemo.  Mem.  Soc  dent,  Antonio  Alzate,  Mexico,  86, 
1908  (359-368). 

Doane,  F.  W.  W. — Meteorological  Notes.  Trans,  Nova  ScUian  Inst,  of  Sci.,  Halifax, 
11,  1908  (361-372). 

Doane,  F.  W.  W.— The  Frost  and  Drought  of  1905  in  Noya  Scotia.  Trans,  Nova 
Seotianlnst.  of  Sci.,  Halifax,  11,  1908  (623-639). 

Field,  F.  H. — Ein  neue  Form  des  Meteorographen  und  anderer  Apparate  zum  Gebrauch 
fiir  Drachenaufatiege.     Meteor.  Zeits.,  JBrunswiek,  26,  1908  (491-496). 


Digitized  by 


Google 


METEOROLOGICAL  LITERATURE  147 

Freybe.  0.— Der  Wetterdienst  im  Winter.     Wetter,  Berlin,  26,  1909  (21-24). 

Gregg.  W.  R. — Recent  Auroral  Displays  and  Magnetic  Disturbances.     Bull,  Mount, 
JFeather  Obs,,  Washington,  1,  1908  (232-286). 

Haan,  J. — Mossman  iiber  die  meteorologisclien  Ergebnisse  der  schottiscben  antark* 
tischen  Expedition.     Meteor,  Zeits,,  Brunswick,  26,  1908  (580-542). 

Harding,  H.  H. — The  Weather  of  1908  (oyer  the  British  Isles).    /.  Horticulture,  London, 
68,  1909  (89-91). 

Henry,   A.   J. — Notes  on   the  Climate   of  Eastern   Asia.      Monthly    Weather  Rev., 
Washington,  86,  1908  (864-868). 

Hellmann,  G. — Die  Anfange  der  Meteorologie.     Meteor,  Zeiis,,  Brunswick,  26,  1908 
(481-491  and  pi.). 

Hellmann,  G. — Cber  die  extremen  Schwankongen  des  Regenfalls.    Zeits,   Oesell,  /. 
Erdkunde,  Berlin,  1908  (605-618). 

HnmplireyB,  W.  J. — Note  on  the  Magnetic  Effect  of  Winds.     Terrestrial  Magnetism, 
Baltimore,  13,  1908  (163-154). 

Huntington,  E. — The  Climate  of  the  Historic  Past    Monthly  Weather  Rev.,  Washington, 
36,  1908  (359-864). 

Joester,  E. — Die  Fohnerscheinungen  im  Riesengebirge.     Wetter,  Berlin,  26, 1908  (250- 
264,  278-280),  26,  1909  (14-17). 

Jones,  R.  LI. — A  Discussion  of  some  of  the  Anemograpbic  Observations  recorded  at 
Madras.     Indian  Met.  Memmrs,  Simla,  20,  1908  (74-116  and  6  pL). 

KShler,  E. — Registrierungen  des  luftelektrischen  Potentialgefalles  an  nahe  benachbarten 
Stationen.    Meteor,  Zeits,,  Brunswick,  26,  1909  (10-17). 

r,  C. — Bericht  iiber  die  elfte  allgemeine  Versammlung  und  Feier  des  25-jabri^n 
Bestehens  der  Deutschen  Meteorologischen  Gesellschaft  zu  Hamburg  am  28.  ois 
80.  September  190&     Meteor.  Zeits.,  Brunswick,  26,  1909  (2-10). 

Prof.— Wettervoraussage  vor  180  Jahren.     Wetter,  Berlin,  26,  1908  (266-278). 

Eimball,  H.  H. — Pyrheliometer  and  polarimeter  observations.    Bull.  Mount  Weather 
Obsy.,  Washington,  1,  1908  (207-282). 

Eleinsohmidt,   E. — ^The  Kite  Station  on  Lake  Constance.     Monthly  Weather  Bev., 
Washington,  36,  1908  (284-285). 

Llndemann,  A. — Die  grossten  Tagesmengen  des  Niederschlags  im  Kbnigreich  Sachsen, 
von  1866  bis  1906.      Wetter,  Berlin,  26,  1909  (10-18). 

LlTingeton,  Vtn,  G.^An  Annotated  Bibliography  of  Evaporation.     Mo7Uhly  Weather 
Rev,,  Washington,  36,  1908  (801-806,  876-888). 

M'Adie,  A.  G. — Suggested  Reform  in  Meteorological  Methods.     Monthly  Weather  Bev,, 
Washington,  36,  1908  (872-874). 

HacEay,  A.  H. — Phenological  Observations  in  Nova  Scotia  and  Canada,  1904.     Trans, 
Nova  Scotian  Jnst,  of  Sei.,  Halifax,  11,  1908  (378-886). 

Marvin,  C.  F. — A  Mercurial  Barograph  of  High  Precision.     MomiMy  WecUher  Bev,, 
Washington,  86,  1908  (307-813). 

Massarini,  I. — I  Yenti  a  Roma.     A7itu  de  B,  Uff,  Cent,  di  Meteor,  e  Oeodynamiea,  27, 
1906.     Bame,  1908,  Part  1  (1-89,  9  pi.). 

Meissner,  0. — Wahrheit  und  Irrtnm  in  den  Bauemregeln.     Wetter,  Berlin,  26,  1908 
(241-247). 

Memory,  H. — Les  Hivers  rigourenx  et  leur  cause  probable.     Ann,  Soc.  M4t,  France, 
Paris,  66,  1908  (268-261). 

Mill,  H.  B.— The  Rainfall  of  1908.     The  Times,  London,  Jan.  16,  1909. 

Mill,  H.  R. — Sunshine  for  January  (1909)  in  London.    Symons^  Met.  Mag,,  London,  44, 
1909  (7-8). 

MoBiman,  B.  C. — The  Cold  Period  of  May  in  Arctic  and  Antarctic  with  Special  Reference 
to  1908.     Symons'  Met.  Mag.,  London,  44,  1909  (1-6). 

Mylins,  E.— (Tber  Boen  und  Gewitter.      Wetter,  Berlin,  26,  1909  (1-10). 

Neifert,  W. — Installation   of   Automatic  River  Stage  Register  at  Hartford,   Conn. 
Monthly  Weather  Bev,,  Washington  86,  1908  (340-842). 


Digitized  by 


Google 


148  METEOROLOGICAL  LITERATURE 

Newoomb,  B. — ^The  Meteorology  of  Man.  Monthly  Weather  Bev,^  Washington,  86, 
1908  (842-348). 

PoUi,  P.— Drahtlose  Telegntphie  and  Wetterdienst    Da$   Wetter,  Berlin,  SB,  1908 

(285-288). 

RoMnthal,  E. — The  Meteorological  Work  of  the  University  of  Juijev  (Dorpat),  Roaaia. 
Monthly  Weather  Mev.,  Washington,  86,  1908  (297299). 

Bykatachew,  IL, Jun. — Cber  den  EinfiusB  der  Unterlage  auf  den  taglichen  Gang  der 
abfloluten  Feuohtigkeit.    Meteor.  Zeita.,  Brunswick,  26,  1908  (501-510). 

Baiter,  0.— The  Rainfall  of  Jara.     Symons*  Met,  Mag,  London,  48,  1909  (227-230). 

Bchmidt,  W. — Zur  Erklarung  der  gesetzmassigen  Verteilong  der  Tropfengroaaen  bei 
Regenfallen.     Meteor.  Zeits.,  Brunswick,  26,  1908  (496-500). 

BohnlM,  P.— Ludwig  Friedrioh  Eamtz.     Wetter.  Berlin,  86,  1908  (247-250). 

The  Upper  Atmosphere  :  the  Results  of  Daily  Experiments  made  at  Glossop,  Derbyshire. 
the  Airship,  London,  1,  1908  (10  :  25). 

Thorada,  H. — Uber  die  kalifornische  Meeresstromung.  Oberfiachentemperataren  nnd 
Stromungen  an  der  Westkiiste  Nordamerikas.  Ann,  der  Hydrog,  u.  mariL  Met,, 
Berlin,  87,  1909  (17-34). 

Vamey,  B.  K. — Early  Meteorology  at  Harvard  College.  Monthly  Weather  Review^ 
Washington,  86,  1908  (286-290). 

Ward,  B.  de  C. — Government  Meteorological  Work  in  Brazil.  Monthly  Weather 
Beview,  Washington,  36,  1908  (290-291). 

Ward,  B.  de  C. — Notes  on  Weather  and  Climate  made  during  a  Summer  Trip  to 
Brazil,  1908.     Monthly  Weather  Beview,  Washington,  86,  1908  (333-339). 

Wlen,  W. — Gesetze  und  Theorien  der  Strahlung.  Meteor,  Zeits.,  Brunswick,  26,  1908 
(542-549). 

Zahm,  A.  F. — lUsum^  of  experiments  in  Aerodynamics.  Monthly  Weather  Beview, 
Washington,  86,  1908  (277-281). 


Digitized  by 


Google 


PUBLICATIONS 

OF  THE 

IRoi^al  /Meteorological  Society. 

I    ^m   I 

REPORTS  OF  THE  COUNCIL,  ist,  185 1,  to  nth,  1861.  Mostly 
out  of  print 

PROCEEDINGS.  Vol  I.,  1861-63,  to  Vol.  V.,  1869-71-  Price 
jf  I  :  5  s.  each. 

QUARTERLY  JOURNAL.  Vol.  I.,  1872.73,  to  Vol.  XXXIV.,  1908. 
Price  £1  each.     Quarteriy  Nos.,  5  s.  each. 

THE  METEOROLOGICAL  RECORD.  Monthly  Results  of  Observa- 
tions made  at  the  Stations  of  the  Royal  Meteorological 
Society,  with  Remarks  on  the  Weather  for  each  Quarter.  By 
William  Marriott,  Assistant-Secretary.  Price  is.  6d.  each. 
(Commenced  1881.) 

HINTS  TO  METEOROLOGICAL  OBSERVERS.  Instructions  for 
taking  Observations,  and  Tables  for  their  Reduction ; 
together  with  a  Glossary  of  Meteorological  Terms.    By 

William    Marriott,   Assistant  -  Secretary.      Sixth  Edition, 
Revised  and  Enlarged.     With  Illustrations.     Price  is.  6d. 

SOME  FACTS  ABOUT  THE  WEATHER.  A  Popular  Meteorological 
Handbook.  By  William  Marriott,  Assistant-Secretary. 
Price  6d. 

INSTRUCTIONS  FOR  THE  OBSERVATION  OF  PHENOLOGICAL 
PHENOMENA.     Second  Edition.     Price  6d. 

CATALOGUE  OF  THE  LIBRARY  OF  THE  ROYAL  METEORO- 
LOGICAL SOCIETY.  Complete  to  September  1890.  Price  los. 
{To  Fellows,  5 J.) 

INDEX  TO  THE  PUBLICATIONS  OF  THE  ENGLISH  METEORO- 
LOGICAL SOCIETIES,  1889  to  1881.     Price  2s. 

INDEX  TO  THE  QUARTERLY  JOURNAL  OF  THE  ROYAL 
METEOROLOGICAL  SOCIETY,  Vols.  VIII.  to  XXVL,  1882- 
1900.     Price  2s. 

SEPARATE  COPIES  OF  PAPERS. 

Separate  Copies  of  many  of  the  Papers  appearing  in  the  Quarterly  Journal  are 
kept  on  sale  at  a  price  of  Sixpence  per  Half-Sheet  or  portion  thereof. 


The  above  may  be  had  at  the  Offtoe  of  the  Society, 
70  VICTORIA  STREET,  LONDON,  S.W. 


Google 


Digitized  by 


JAMES  J.  HICKS, 

METmOROLOOICAI.  4l  SGIENTIFIO 

IM&TRUMtNTS, 

M  JIKUFAGTORY: 

8<9.&10HAnON  GARDEN,  LONDON,  LC. 

St. 


Si 
St 

Si.- 

Ini 

Sc, 

Al 
>\ 


'  Solar    iMftxifiiMiii  "    Thenviti- 

rerreslrlnl  R«dliitl<>it  THetmo* 

UmrXh  rcfn(>cralurc**  Thenno- 

SymofiK'ji  Ruin  UsifgcLt. 
.Meteorofo^CAl     Offk#     R«lQ 


T' 


-fS, 


UtUcc 


ihcrmomtUr     ^^lainf  Htil  fit 


Hints  to 

iS\eteorological  Observers 

By  WILLIAM   MARRIOTT,  F.R.Met.Soc. 

\itsistjiiii  Secftelftry  of  tlie  Royal  Melcoralfijcical  Society. 

SIXTH   ED»TinM      RPwic^rn   ^   rNtARGEO 

U  7  77/   /L t  US  IRA  TIOSS 


Price  Is.  6d.     Post  free  Is.  8d. 


Mr.  E.  SFANPORO*  la  Long  Acre.   WX^  or  at  ^t^-- 
IE   ROYAL   METKOROLOniCTM; 


kr:.««A«iS«.    C4*^^«4      \>.' 


QUARTERLY  JOURNAL 


or  TICS 


Royal  Meteorological 
Society. 


EDITED   BY   A 

COMMITTEE  OF  THE  COUNCIL 


July  1909. 

Vou  XXXV.     No 


LONDON: 
EDWAiO)  STAVt'-.en    .-    13,  &  14  LONG  ArpP    U'C 


PRICE    FIVt   BHILUNQS  Digitized  by  CiOOgle 


CONTENTS. 


Dr.  V.  C0RNI8H.— Wind-Wavea  in  Water,  Sand,  Snow,  and  Cloud.     (Seven  lUui 

trationa)  .....* 
E.  Mawlbt.— Report  on  the  Phenological  Obaervations  for  1908,    (Plate  II.  and 

Two  IlluBtrationa)  .... 

Baldwin  Latham.— Percolation,  Evaporation,  and  Condensation.    (Sight  lUna- 

trationa)  ...... 

Rev.  J.  Alou^— The  Meteorological  Conditiona  in  the  Philippine  Islands,  1908, 

(Two  Illustrations)  ..... 

Proceedings  at  the  Meetings  of  the  Society    . 
Correspondence  and  Notes : — 

Meteorological  Charts  of  the  Atlantic  and  Pacific  Oceans 

Local  Authorities  and  Meteorological  Instruments 

The  Greenland  Sea  ...  . 

The  Recording  of  Rainfall 

Mr.  Shackleton's  Antarctic  Expedition  . 

Agricultural  Education  and  Meteorology 

A  Remarkable  Rainbow  .... 

Upsala  Meteorological  Observatory 

International  Commission  of  Scientific  Aeronautics 

Fiji  Rainfall         ..... 

Storm  in  1688  in  Devon  .... 

Ernest  Law  on  the  Trees  in  Bushey  Park 

Meteorological  Text-Books 
Recent  Publications    ..... 
Meteorological  Literature        .... 


149 

161 

189 

213 
221 

160 
160 
187 
211 
222 
222 
223 
224 
224 
224 
226 
226 
226 
226 
229 


The  Royal  Meteorological  Society  does  not  accept  any  responsibility  for  the 
views  and  opinions  expressed  by  individual  writers  in  the  Quarterly  Journal. 


IRoi^al  /Reteorological  Society?, 

Ofpicbs:— 70  VICTORIA  STREET,  WESTMINSTER,  S.W. 
(Telephone;  P.O.  Victoria  2721.) 

Ths  Offices  and  Library  of  the  Society  are  open  daily  from  10  a.m, 
to  5  p,m, ;  Saturdays,  10  a,m,  to  1  p,m. 


MEETINGS  IN  1900-1910. 

November            7.30  p.m.     17,  1909 
December                   „             15,     „ 
January                    „             19,  1910 
February                  „            16,     „ 

March  . 
April 
♦May 

*JUNE 

7.30  p.m. 

n 

4.30  p.m. 

16, 1910 
20,     „ 
18,     » 
16,     n 

January  19,  1910. — Annual  General  Meeting. 

The  Meetings  will  be  held  at  the  Institution  of  Civil  Engineers, 
Great  George  Street,  Westminster,  S.W.,  except  those  marked  with  an 
asterisk  (*),  which  will  be  held  at  the  Society's  Eooms,  70  Victoria 
Street,  S.W. 

Digitized  by  VjOOQIC 


QUAETEKLY  JOUKNAL 


OF  THE 


ROYAL  METEOROLOGICAL  SOCIETY 


Vol.  XXXV.]  JULY  1909  [No.  151 


WIND-WAVES  IN  WATER,  SAND,  SNOW,  AND  CLOUD. 

By  VAUGHAN  CORNISH,  D.Sc.,  F.R.G.S.,  F.G.S.,  F.C.S. 
[A  Lectare  deliyered  before  the  Royal  Meteorological  Society,  March  17,  1909.] 

Waves  in  Water. 

When  water  is  in  travelling  waves  and  the  air  is  blowing  over  them,  there 
is  a  travelling  air- eddy  between  each  pair  of  wave-crests.  Its  existence 
is  forcibly  demonstrated  when  a  sailing  ship,  running  before  the  wind 
in  a  big  seaway,  loses  the  breezes  in  the  troughs  of  the  sea,  her  sails 
flapping  idly  or  being  taken  aback.  Above  the  system  of  travelling  air- 
eddies  the  particles  of  the  air  must  move  in  a  continuous  undulation. 
The  travelling  eddies  revolve  between  the  corrugated  water-surface  below 
and  the  corrugated  air-surface.  The  undulating  movement  of  the  air- 
particles  must  be  less  strongly  marked  as  the  height  above  the  water 
increases,  until  at  some  elevation  they  are  moving  in  straight  paths. 

The  evolution  of  the  great  storm-waves  of  the  deep  ocean  is  coincident 
with  the  gradual  creation  of  a  regular  series  of  superincumbent  air- 
undulations. 

When  wind  begins  to  blow  upon  a  sheet  of  smooth  water,  i,e,  when 
the  flat  bottom  siuiace  of  air  begins  to  slide  upon  the  flat  upper  surface 
of  water,  it  is  not  easy  to  make  out  either  by  observation  or  by  mere 
common-sense  reasoning  what  initiates  a  waved  condition.  What  actually 
happens,  as  far  as  the  eye  can  perceive,  is  that  the  whole  water-surface  is 
immediately  covered  with  a  remarkably  uniform  pattern  of  small  waves 
of  about  the  size  (0*68  inch  wave-length)  of  the  slowest  moving  water- 
wave,  and  that,,  whereas  close  under  the  windward  shore  the  waves 
remain  always  of  this  size,  farther  out  they  increase  in  size  as  the  wind 
goes  on  blowing.  The  farther  the  distance  from  the  windward  shore 
the  longer  is  the  time  required  to  develop  the  waves  to  the  maximum 
size  which  the  actual  velocity  of  the  wind  is  capable  of  maintaining, 
and  the  greater  is  the  maximum  height  and   length.     Further,  it  is 
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important  to  note  that  the  increase  in  average  ware-length  (as  we 
proceed  in  our  down-wind  inspection  of  the  final  result)  is  so  gradual, 
that  if  we  regard  any  small  group  of,  say,  a  dozen  succeeding  waves,  there 
will  be  no  such  difference  as  the  eye  would  notice  in  the  wave-length 
of  the  first  half-dozen  and  of  the  second  half-dozen.  Theoretically,  water- 
waves  of  all  speeds,  and  therefore  of  all  lengths,  are  created  at  once 
when  wind  blows  over  deep  water,  and  of  these  waves  all  can  be 
developed  which  move  with  a  speed  no  greater  than  that  of  the  wind ; 
but  actually  no  water-wave  has  a  chance  of  developing  to  steepness  at 
any  place  which  does  not  conform  to  the  length  of  the  existing  air-undula- 
tions at  that  place.  Viewed  in  this  way  we  see  how  gradual  and  slow 
is  the  process  of  evolution  of  a  large  type  of  waves  from  the  action  of 
wind  on  smooth  water,  the  process  involving  very  numerous  adjustments 
whereby  the  air  is  brought  into  regular  undulations,  and  the  water  into 
undulations  conformable  thereto. 

When  a  storm  ceases,  the  ocean  remains  heaving  in  waves,  which 
travel  by  gravity,  and  the  shorter  of  these  flatten  out  quickly,  leaving 
the  longer  ones  relatively  steep.  Especially  is  this  the  case  in  high 
southern  latitudes  where  the  ocean  is  circumterrestrial  with  neither 
windward  nor  leeward  shore.  Here  the  strong  winds  are  almost  always 
Westerly,  and  whenever  a  Westerly  gale  springs  up  it  finds  already  a 
heavy  westerly  swell  running.  This  condition  differs  greatly  from  that 
of  wind  blowing  over  smooth  water,  for  the  air  at  once  is  compelled  to 
follow  an  undulating  course,  and  its  principal  effect  is  to  increase  the 
height  of  the  existing  swell.  ^  Shorter  waves  are  probably  but  little 
developed,  their  growth  being  hampered  by  the  pre-existence  of  a  longer 
aerial  undulation.  In  a  space  of  time,  so  short  as  to  surprise  those  who 
are  not  accustomed  to  the  conditions  of  these  latitudes,  the  sea  is  running 
in  great  waves  following  one  another  in  nearly  perfect  parallelism. 

These  waves  soon  attain  the  maximum  height  consistent  with  their 
speed  and  with  the  speed  of  the  wind,  and  thereafter  the  principal  change 
is  a  slow  increase  in  their  average  length,  and  still  slower  increase  in  height. 
Thus  at  the  end  of  a  long-enduring  storm  in  high  southern  latitudes,  the 
waves  are  a  few  feet  higher  than  those  developed  in  the  North  Atlantic, 
but  some  hundreds  of  feet  longer  from  crest  to  crest,  and  travelling  with 
far  greater  speed.  In  the  North  Atlantic  during  a  strong  gale  individual 
waves  of  40  feet  in  height  occur  at  short  intervals,  while  in  high  southern 
latitudes  the  corresponding  height  of  such  ordinary  maximum  waves  would 
probably  be  about  45  feet  But  whereas  in  the  North  Atlantic  under 
these  conditions  the  average  wave-length  would  not  much  exceed  400  feet, 
that  in  high  southern  latitudes  would  be  somewhere  about  700  feet. 

Accompanying  the  conspicuous  or  dominant  set  of  waves  in  a  storm 
at  sea  there  are  not  only  the  minor  waves,  the  growth  of  which  is  (as  has 
been  said)  hampered  by  the  existence  of  longer  steep  waves,  but  also 
waves  longer  and  flatter  than  the  conspicuous  or  dominant  set  of  waves, 
and  these  longer,  flatter,  and  swifter  waves  we  may  group  together 
and  call  the  swell.  I  do  not  think  it  is  correct  to  refer  the  whole  of  the 
swell  which  accompanies  the  storm-waves  to  former  winds,  stronger  winds, 
or  winds  which  have  been  blowing  elsewhere.     As  far  as  my  own  obser- 

^  The  downward  pressure  of  the  air  is  greatest  where  the  horizontal  velocity  is  least,  and 
vice  versa.     Hence  the  air  depresses  the  water  in  the  troughs  and  sucks  it  up  at  the  crests. 
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vations  go  it  has  always  seemed  to  me  that  the  swell  is  getting  up  all  the 
time  the  wind  is  blowing  and  that  it  is  part  of  the  work  of  the  wind  If 
the  wind  had  a  sufficient  length  of  fetch,  e.g.  were  blowing  in  a  straight 
line  over  1000  miles  of  water,  with  a  velocity  of  say  70  miles  per 
hour,  and  if  this  wind-velocity  were  to  continue  for  a  sufficient  time,  say 
100  hours  at  leasts  then  the  conspicuous  or  dominant  set  of  waves  would 
probably  have  a  velocity  of  very  nearly  70  miles  per  hour  (and  therefore 
a  wave-length  of  about  2000  feet),  but  actual  meteorological  conditions 
differ  so  much  from  these  specified  above  that  the  longest  and  swiftest 
waves  compatible  with  the  maximum  velocity  of  the  wind  are  never 
developed  to  their  full  extent^  and  the  ideal  condition  of  the  steepest 
waves,  being  those  with  a  velocity  equal  to  that  of  the  wind  (as  theoretic- 
ally deduced  by  Stokes  and  by  von  Helmholtz)  does  not  even  approxi- 
mately represent  the  actual  facts  at  sea.^  Nevertheless  (on  using  the 
modem  factor  of  reduction  for  converting  Beaufort  numbers  to  wind- 
velocities  2  in  place  of  the  older  factor  which  gave  excessive  wind-velocities) 
I  found  that  the  maximum  velocity  of  ocean  swells^  as  obtained  from  the 
observation  of  their  periodic  time,  does  in  fact  agree  pretty  closely  with 
the  maximum  velocity  of  wind,  excluding  the  extreme  speed  only  attained 
in  gusts. 

It  seems  probable,  therefore,  that  all  the  time  wind  is  blowing  on 
deep  water  it  is  creating  waves  of  all  lengths  up  to  that  for  which  the 
wave-speed  is  equal  to  that  of  the  wind.  Whereas  at  first  only  the 
shortest  have  an  appreciable  steepness,  and  are  therefore  the  conspicuous 
or  dominant  set  of  waves,  yet  as  time  goes  on  it  is  successively  a  longer 
and  longer  wave  which  becomes  the  conspicuous  feature,  and  under  actual 
conditions  the  waves  which  have  a  speed  nearly  or  quite  as  great  as  that 
of  the  wind  constitute  an  important  part  of  the  physical  disturbance  of 
the  water,  although  they  are  not  steep  enough  to  be  conspicuous  during 
storms. 

As  an  example  of  the  very  long  waves  formed  during  a  storm,  but 
chiefly  seen  afterwards,  I  may  cite  the  following  observations  made  by 
myself  at  Branksome  Chine  on  the  Dorset  coast  between  Bournemouth 
and  Poole,  on  December  29, 1898.  The  weather  was  fine  after  a  heavy 
storm  which  accompanied  a  depression  which  had  been  traced  from  the 
other  side  of  the  Atlantic.  Unusually  heavy  breakers  began  to  arrive  on 
the  shore  accompanied  by  a  sound  as  of  minute-guns.  I  timed  them, 
and  counted  an  uninterrupted  series  of  139  great  breaking  waves,  the  aver- 
age period  of  which  was  19*35  seconds,  corresponding  to  a  wave-length  in 
deep  water  of  1918  feet,  and  a  wave-velocity  of  67*6  statute  miles  per 
hour. 

When  a  storm  ceases,  and  the  wind  no  longer  nurses  the  waves,  the 
group  of  waves  which  it  has  created  travels  on  under  the  action  of  gravity, 
with  a  velocity  only  equal  to  one-half  that  of  the  individual  wave,  the 
front  wave  of  the  group  flattening  out  to  nothing  and  its  place  being 
taken  by  a  new  one  at  the  back  of  the  group.  The  above  group  of  swells, 
therefore,  only  advanced  towards  our  shores  at  a  speed  of  38*8  statute 
miles  per  hour. 

^  With  the  moderate  steepness  of  ,   .^  =20  a  wave  trayeUing  70  miles  per  hour 

would  be  100  feet  high. 

'  See  Quarterly  Journal  Roy.  Met.  Soc  yol.  28,  p.  25. 
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This  dual  velocity — the  wave-velocity  and  group-velocity — (worked 
out  in  detail  by  Osborne  Reynolds  ^)  is  now  a  familiar  notion.  Equally 
important  is  it  for  the  student  of  sea-waves  to  accustom  himself  to  think 
of  two  atmospheric  velocities,  viz.  (1)  the  rate  of  advance  of  a  depression, 
and  (2)  the  velocity  of  the  wind  generated  therein.  When  a  cyclonic  or 
other  depression  advance?  towards  our  shores,  the  only  part  of  it  which  is 
important  from  the  wave-making  point  of  view,  is  that  in  which  the 
direction  of  the  wind  is  the  same  as  the  direction  of  advance  of  the  storm. 
Thus  in  a  cyclone  advancing  from  the  west  there  is  a  position  in  the  right- 
hand  half,  at  a  certain  distance  from  the  centre,  where  there  is  always 
a  strong  West  wind.  If  the  cyclone  advance  in  a  straight  path  grea^ 
waves  will  traverse  the  ocean  under  this  part  of  the  depression. 

But  the  cyclone  may  traverse  the  ocean  slowly  or  swiftly,  and  the 
rate  of  its  progress  is  not  necessarily  in  any  particular  proportion  to  the 
violence  of  the  wind  generated  in  it  Now  whereas  observation  shows 
that  there  is  a  fairly  constant  relation  between  height  of  wave  and  speed 
of  wind — I  find  ^  that,  on  the  average,  height  of  the  wave  in  feet  is  about 
half  the  velocity  of  the  wind  in  statute  miles  per  hour — there  is  much  less 
regularity  in  the  relation  of  velocity  of  wind  to  wave-length.  Several 
reasons  may  be  adduced  as  contributing  to  this,  but  I  suggest  that  the 
above  circumstance  points  to  a  reason  of  which  sufficient  account  has  not 
yet  been  taken.  Thua  a  slow-moving  cyclone  will  accompany  slower- 
moving  waves  and  the  wind  will  nurse  them,  whilst  the  longer  and  swifter 
waves  will  run  on  ahead.  The  swifter-moving  cyclone  will  accompany 
the  longer  and  swifter  waves,  encouraging  a  longer  sea.  The  maximum 
height  of  the  waves  will  not  differ  greatly  in  the  two  cases  and  will 
depend  mainly  on  the  velocity  of  the  wind,  but  in  the  first  case  there  will 
be  a  shorter  and  steeper,  in  the  second  a  longer  and  flatter  sea. 

Waves  in  Sand. 

Various  non-adhesive  granular  and  powdery  materials,  such  as  sand 
and  dry  snow,  fall  into  regular  progressive  waves  when  drifted  by  the 
wind.  Larger  gravel,  although  moving  before  the  wind,  does  not  form 
waves  or  ripples,  and  it  would  probably  be  possible  to  have  a  snowy  powder 
so  fine  that  it  would  not  form  any  very  definite  or  conspicuous  waves. 
The  physical  constant  which  decides  whether  or  not  a  non-adhesive 
granular  material  shall  be  a  medium  for  surface-waves  is  the  rate  of 
subsidence  of  the  granules.  If  this  be  as  great  as  that  of  large  gravel 
and  small  stones,  the  eddies  of  wind  in  the  neighbourhood  of  inequalities 
are  not  of  sufficient  strength  to  lift  the  grains  from  the  ground,  or,  if  they 
be  lifted,  to  hold  them  more  than  momentarily  in  suspension.  If,  on  the 
other  hand,  the  material  be  of  extreme  tenuity  or  lightness,  it  is  caught 
up  into  the  air  by  the  upward  movement  of  the  slightest  eddy,  and 
remains  there  suspended  as  a  cloud.  In  neither  case  are  waves  formed. 
In  the  earlier  attempts  to  explain  the  rippling  of  sand  by  wind,  one  is 
familiar  with  the  account  given  of  the  supposed  way  in  which  sand-grains, 
driven  up  the  exposed  weather-face  of  the  ripple,  roll  down  the  lee  cliff, 
the  whole  of  the  little  hill  thus  advancing.     I  found  by  experiment  with 

1  Nature,  vol.  16,  1877,  p.  348.     It  was  however  noticed  by  J.  Scott  Russell  in  1844. 
'  Geographical  Journal,  May  1904,  "On  the  Dimensions  of  Deep-Sea  Waves." 


Digitized  by 


Google 


164    CORNISH— WIND-WAVES  IN  WATER,  SAND,  SNOW,  AND  CLOUD 

sifted  sand  containing  only  grains  so  large  as  to  be  almost  small  gravel, 
driven  by  an  artificial  blast,  that  no  vestige  of  rippling  occurred,  though  the 
grains  were  rolled  along  smartly  by  the  wind.  In  fact,  a  little  considera- 
tion  would  enable  one  to  foresee  that  as  long  as  the  sand-grains  have 
only  this  mode  of  motion,  the  tendency  would  be  for  transverse  inequali- 
ties to  be  obliterated  instead  of  increasing,  for  the  grains  would  tend  to 
be  driven  from  the  exposed  crests,  and  to  accumulate  in  the  sheltered 
hollows. 

The  best  examples  of  seolian  sand- waves  which  I  have  met  with  were 
produced  in  the  river  sand  of  the  dried-up  part  of  the  Nile,  in  the  low- 
water  stage  of  that  river,  near  Helwan,  £gypt.  The  material  is  much 
finer  and  less  rounded  than  ordinary  seashore  sand,  but  is  nearly  free 
from  very  minute  and  soft  particles.      When  the  wind  blows  briskly 


Fio.  2.— -fiolian  Sand- Waves,  near  Helwan,  Egypt,  1ft.  6  in.  high. 

over  this  material,  a  slight  haze  of  the  finest  particles  rises  to  a  height 
of  twenty  feet  or  so,  remaining  in  suspension  as  long  as  the  breeze 
endures.  The  greater  part  of  the  material,  however,  drifts  in  a  different 
manner,  of  which  the  following  is  believed  to  be  a  fairly  accurate  account. 
The  upward  eddying  movement  acquired  by  the  lowest  layers  of  air 
(whose  horizontal  velocity  is  diminished)  raises  some  of  the  sand  into 
a  state  of  "  eddying  suspension,"  and  presently  the  lower  layers  of  air 
become  fully  charged,  so  that  thereafter  they  drop  as  much  sand  as  they 
pick  up,  and  there  is,  on  the  whole,  neither  silting  nor  scouring.  But 
the  equilibrium  is  extremely  unstable,  for  whenever  the  air  drops  a  little 
more  than  the  exact  overcharge  (and  some  over-shooting  of  the  mark  is 
almost  inevitable  in  the  movement  of  ponderable  bodies)  it  immediately 
becomes  a  scouring  agent,  picking  up  in  the  next  succeeding  section  more 
than  it  drops.  Thus,  on  the  lee-side  of  the  incipient  ridge,  formed  by 
the  excessive  deposition,  there  is  necessarily  and  consequently  an  incipient 
furrow  formed.  Thus  inequalities  necessarily  originate;  and,  once 
originated,  they  are  increased  by  the  action  of  the  eddies  which  they 
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have  produced,  for  there  is  a  confluence  of  eddy-currents  towards  the  tops 
of  the  ridges,  and  a  separation  or  divergence  of  those  cun-ents  from  inter- 
mediate positions  on  the  windward  slopes  of  the  ridges.  Thus  over- 
loading of  the  air  and  consequent  silting  occurs  at  the  crest,  and  a 
clarifying  of  the  air  followed  by  scouring  action  takes  place  at  positions 
intermediate  between  the  crests,  so  that  the  inequalities  which,  as  I  have 
explained,  must  of  necessity  originate,  are  thereafter  increased  by  an 
equally  necessary  action.  It  must  be  observed,  however,  that  those 
increasing  inequalities  are  shifting  their  position  down-wind  all  the  time. 


Fio.  3. — .£oliaii  Sand -Ripples,  near  Southport. 

the  general  drift  of  the  sand  causing  the  principal  deposition  to  be  always 
on  the  lee  face  of  the  crests.  The  excrescences,  which  originate  in  patches, 
rapidly  coalesce  in  transverse  ridges  by  the  convergence  of  eddy-currents  as 
viewed  in  a  horizontal  plane^  which  is  similar  to  that  already  specified  as 
occurring  in  a  vertical  plane.  In  the  horizontal  plane,  however,  gravity 
does  not  oppose  the  sand-drift  to  the  extent  which  it  does  in  a  vertical 
sense,  hence  the  lateral  development  of  the  ridges  takes  place  much  more 
rapidly  than  their  vertical  growth.  The  steepness  of  the  sand-waves  is 
limited  by  the  resistance  offered  by  a  pile  of  the  loose  material  to 
horizontal  pressure.  If  one  of  the  ridges  were  made  too  steep,  a  bodily 
sliding  would  occur,  a  part  of  the  crest  slipping  into  the  trough.     Hence 

the  approximately  constant  ratio  ,    ..     =18,  which  is  found  to  hold  for 

these  89olian  sand-waves. 
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The  height  of  the  sand-waves  is  limited  by  the  velocity  of  the  wind. 
Thus  when  the  wind  drops  to  a  gentle  breeze  the  vortex  or  eddy  on  the 
lee  of  the  high  cliff  is  inadequate  to  the  task  of  keeping  the  trough  clear, 
and  silting  takes  place  there. 

In  the  coarser  quartz  sand  of  the  desert  near  the  northern  shore  of 
the  Peninsula  of  Sinai  I  have  seen  a  series  of  great  sand-dunes  arranged 
as  a  train  of  waves,  similar  in  appearance  to  those  above  described,  but 
about  one  hundred  times  as  large.  I  have  not  yet  obtained  measure- 
ments of  groups  of  great  transverse  dunes,  which  are  much  to  be  desired, 
in  order  to  see  if  the  ratio  of  height  to  length  is  the  same  as  for  the 
smaller  sand-waves. 

When  wind  changes  to  the  opposite  quarter  the  tops  of  these  great 


Fig.  4. — Ripple- Mark  of  the  Seashore,  Montrose,  Scotland. 

dunes  are  turned,  but  it  takes  so  considerable  a  time  completely  to 
reverse  them  that  they  quite  commonly  appear  with  reversed  crest  The 
"  setting  "  of  the  lower  layers  of  large  masses  of  sand,  owing  to  the  pressure 
of  the  superincumbent  parts  and  other  causes,  renders  the  material  no 
longer  a  homogeneous  granular  medium,  and  it  no  longer  responds  perfectly 
to  the  wave-making  tendency  of  wind.  Thus  the  study  of  great  dunes 
is  a  mixed  one,  and  would  take  us  beyond  the  scope  of  this  lecture. 

On  the  other  hand,  there  is  a  smallest  kind  of  seolian  sand-wave, 
which  is  properly  termed  a  ripple,  being  purely  a  skin-deep  wave,  as 
is  the  capillary  ripple  formed  in  the  "sldn"  of  water.  These  little 
ripples,  never  more  than  a  few  inches  from  crest  to  crest,  are  a  familiar 
feature  on  all  exposed  surfaces  of  loose  dry  sand  upon  coastal  sand-dunes. 
Their  ratio  of  length  to  height  is  the  same  as  for  the  true  sand-waves, 
viz.  about  1 8,  but  that  they  are  not  merely  small  specimens  of  the  same 
thing  is  shown  by  the  fact  that  the  said  sand- waves  are  always  tapestried 
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over  with  a  pattern  of  these  ripples.  The  reverse  does  not^  however,  hold ; 
for,  although  sand-dunes  and  sand-waves  never  occur  unrippled,  the 
ripples  are  continually  formed  when  no  larger  waves  are  produced. 

When  experimenting  with  artificially  sorted  sandy  materials  and  an 
artificial  blast,  I  found,  as  already  stated,  that  the  largest  kind  of  sand- 
grains  of  the  kind  sometimes  called  "  lag  gravel "  did  not  of  itself  fall 
into  ripples,  but  that  when  a  handful  of  fine  sand  was  scattered  on  its 
surface,  rippling  immediately  appeared,  and  was  very  quickly  increased 
and  regularised.  It  appeared  to  me  as  I  watched  the  process,  that  the 
eddies  or  vortices  formed  in  the  lee  of  the  larger,  lagging  grains  were  of 
sufficient  strength  to  pick  up  and  for  a  time  suspend  the  smaller  grains ; 
thus  while  the  main  conditions  with  regard  to  suspension,  saturation, 
and  eddies  are  not  unlike  those  required  for  the  formation  of  the  seolian 
loaves,  the  ripples  require  for  their  formation  a  moderate  degree  of 
heterogeneity  in  the  granular  material.  It  will  be  noticed  in  connection 
with  this  idea,  that  in  a  rippled  surface  of  blown  sand  the  material  is 
much  coarser  on  the  crests  than  in  the  troughs.  Usually  the  development 
of  these  ripples,  as  I  have  observed  it  on  our  coasts,  takes  place  entirely 
during  the  gusts  of  wind,  very  little  movement  (or  at  any  rate  very  little 
diflFerential  movement)  taking  place  between  the  gusts  even  when  the 
wind  has  the,  force  of  a  "  strong  breeze." 

Waves  in  Snow. 

Snow  freshly  fallen,  at  such  a  temperature  that  the  material  is  dry 
and  not  adhesive,  falls  at  once  into  trains  of  travelling  waves  when 
drifted  by  the  wind.     When  I  have  seen   this  happen  in  Canada  the 


Fig.  5. — Snow- Waves  near  Winnipeg. 

temperature  has  been  somewhere  in  the  neighbourhood  of  zero 
Fahrenheit,  or  lower.  The  process  is  best  observed  where  there  is  least 
inequality  of  ground  and  greatest  uniformity  of  exposure;  so  wholly 
erroneous  is  what  I  may  venture  to  call  the  common-sense  view,  with 
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which  most  of  us  have  started,  that  such  waves  need  pre-existing 
inequalities  to  produce  them.  The  fact  which  stands  out  so  clearly  from 
systematic  as  distinguished  from  casual  observation  is  that  the  less  the 
obstruction  to  free  drifting  the  more  quickly  does  local  supercharge 
arise  with  its  inevitable  consequence  of  alternate  silt  and  scour. 

The  waves  produced  by  the  drifting  of  freshly  fallen  snow  are 
unrippled,  a  fact  which  supports  the  notion  advanced  above,  that  the 
sdolian  sand-ripples  are  due  to  the  resistance  of  the  larger  grains,  and 
the  presence  of  smaller  ones.  The  fresh-fallen  snow  is  too  friable  to  give 
the  required  resistances.  When  the  snow  has  been  turned  over  by  the 
wind,  the  newly  exposed  surfaces  are  indeed  carved  into  minor  transverse 


FiQ.  6. — Rippled  Cloud  taken  near  Bournemouth. 

ridges  by  the  wind ;  but  these  are  not  true  ripples  in  that  they  do  not 
travel  grain  by  grain.  When,  however,  snow  has,  by  melting  and 
refreezing,  attained  an  icy  consistency,  and  the  wind  has  broken  the  icy 
fragments  into  sand-sized  granules,  these  form  ripples  a  few  inches  from 
crest  to  crest,  similar  to  those  in  sand,  but  flatter. 

The  ratio  of  length  to  height  in  travelling  snow-waves  I  have  found 
as  great  as  50,  which  shows  how  long  and  flat  can  be  the  eddy-space  in 
which  the  horizontal  velocity  of  wind  is  diminished. 

Fifty  to  one  is  in  round  numbers  a  mile  for  every  hundred  feet,  which 
suggests  that  a  ridge  of  hill  500  ft.  high  affords  effective  wind-shelter 
for  at  least  five  miles.  In  order  to  do  this  its  form  must  be  fairly  bold, 
for  an  outline  like  that  of  a  gently  rolling  prairie  would  not  give  a  strong 
eddy;  but  it  need  not  be  precipitous  or  anything  approaching  a  pre- 
cipitous form,  for  the  snow-waves  have  a  gently  sloping  back,  and  the 
lee  face  would,  I  think,  seldom  have  a  gradient  of  much  more  than  1  in  3. 
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There  need  not,  I  think,  be  any  hesitation  in  passing  from  the  scale  of 
inches  to  the  scale  of  hundreds  of  feet,  for  the  effect  of  the  increased 
scale  would  be  to  heighten  rather  than  diminish  the  action,  owing  to  the 
fact  that  the  air-current,  which  is  felt  as  a  wind  on  the  ground,  is  of 
by  no  means  indefinitely  great  thickness.  In  local  winds  especially, 
500  ft.  would  be  no  negligible  fraction  of  the  whole  depth  of  the  air- 
current.  The  reasoning  must  not  be  applied  without  reserve,  however, 
to  the  case  of  mountains  thousands  of  feet  high,  for  they  may  alter  the 
whole  system  of  atmospheric  movement.  I  have  commenced  the  applica- 
tion of  this  idea  of  wind-shelter  in  particular  localities  in  England,  and 


Fio.  7. — Negative  of  the  Rippled  Cloud  photograph  shown  in  the  preceding  Fig. 

hope  to  publish  something  on  the  subject,  when  I  have  obtained  more 
data. 

Waves  in  Clouds. 

When  one  stratum  of  air  flows  over  another  of  greater  density,  the 
under  surface  of  the  former  and  the  upper  surface  of  the  latter  acquire  an 
undulated  form,  and  between  the  opposing  crests  of  these  two  corrugated 
surfaces  is  a  system  of  eddies  or  whirls  which  draw  in  air  from  both  the 
upper  and  the  lower  stratum,  sometimes  with  the  result  which  so  often 
happens  on  such  admixture,  viz.  the  precipitation  of  moisture  as  cloud. 
The  broad  clouds  formed  in  these  eddies  are  separated  by  narrow  bands 
of  blue  sky,  where  are  situated  the  opposing  crests  of  the  oppositely 
directed  undulations  of  the  relatively  moving  strata  of  air.  The  clouds 
form  a  mackerel  sky,  and  it  was  of  them  that  Euskin  said  that  they  "fall 
into  ripples  like  sand.''    The  likeness  is  striking,  but  not  carried  out  in 
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detail,  the  ripple-mark  of  the  seashore  being  sharp-ridged,  whereas  the  clouds 
are  rounded.  The  true  aerial  ripple-mark  is,  indeed,  not  the  cloud  pattern, 
but  the  pattern  of  the  blue  sky  between  the  mackerel  clouds.  As  the  eye 
is  dominated  by  the  higher  lights,  this  pattern  is,  however,  not  realised 
when  viewing  a  mackerel  sky  or  when  looking  at  an  ordinary  photograph 
of  such  a  sky.  When,  however,  we  examine  the  photographic  negative, 
such  as  is  here  reproduced  (Fig.  7),  we  see  in  the  high  lights,  which 
correspond  to  the  blue  sky,  the  familiar  sharp-ridged  forms  of  sand  rippled 
by  sea-waves.  The  mackerel  clouds  correspond  in  fact  to  the  swirling 
water  which  produces  the  ripple-mark,  the  blue  sky  to  the  inert  sand- 
ridges  which  serve  to  keep  the  eddies  distinct  and  apart 


Meteorological  Charts  of  the  Atlantic  and  Pacific  Oceans. 

Beginning  with  the  month  of  July  1909,  the  U.S.  Weather  Bureau  will 
publish  Meteorological  Charts  of  the  North  Atlantic  and  North  Pacific  Oceans 
monthly,  and  of  the  South  Atlantic  Ocean  quarterly.  It  is  proi>o8ed  also  to 
issue  a  seasonal  chart  of  the  South  Pacific  Ocean  quarterly,  from  September 
next. 

The  Bureau  receives  reports  from  2100  observers  on  vessels  of  every 
nationality,  and  from  these  reports  prepares  daily  synoptic  charts  of  the 
Meteorological  data,  being  thus  enabled  to  plot  the  meteorological  conditions 
prevailing  over  the  oceans  from  day  to  day,  for  the  purpose  of  tracing 
storm-tracks,  percentage  of  fog,  prevailing  direction  of  wind,  trade-wind 
limits,  pressure,  and  temperature.  Mr.  Henry  L.  Heiskell,  the  Chief  of  the 
Marine  Division,  states  that  it  is  the  desire  of  the  Chief  of  the  Weather  Bureau 
to  popularise  the  charts,  and  to  make  them  of  benefit  in  a  meteorological  sense 
to  those  using  them.  With  that  end  in  view,  he  would  therefore  be  pleased  to 
receive  any  suggestions  that  would  tend  to  their  improvement. 

Local  Authorities  and  Meteorological  Instruments. 

The  provision  of  Meteorological  Instruments  by  District  Councils  for  record- 
ing local  rainfall,  amount  of  sunshine,  temperature,  etc.,  is  one  which  is  almoet 
a  necessity  in  health  resorts  and  residential  towns  nowadays,  for  that  town 
which  can  show  the  most  hours  of  sunshine,  and  one  or  two  of  the  south  coast 
towns,  by  the  way,  seem,  judging  from  the  tall  records  furnished  to  the  daily 
papers,  to  get  a  special  sun  all  to  themselves,  is  deemed  to  beat  all  other  com- 
petitors. The  question  has,  however,  arisen  in  a  number  of  cases  as  to  whether 
expenditure  in  the  purchase  of  such  instruments  would  be  legal,  and  would  be 
passed  by  the  auditors  of  the  Local  Government  Board,  for  most  towns  which 
already  possess  such  instruments  have  their  own  auditors,  and  their  expenditure 
is  not  supervised  by  the  Local  Government  Board.  It  appears  that  the  Board 
have  given  a  decision  in  favour  of  the  legality  of  such  expenditure  on  an -appeal 
against  a  surcharge  made  by  one  of  their  auditors.  "  The  Board  do  not  con- 
sider," their  communication  runs,  "  that  the  auditor's  decision  in  this  case  can 
be  sustained.  They  are  advised  that  instruments  of  this  description  are  useful 
for  the  purpose  of  obtaining  information  as  to  influences  likely  to  affect  the 
public  health,  and  they  are  consequently  of  opinion  that  the  possession  of  those 
instruments  enables  the  Medical  Oflicer  of  Health  to  discharge  with  greater 
efficiency  the  duties  pertaining  to  his  office.  This  being  so,  the  Board  consider 
that  it  was  competent  to  the  District  Council  to  provide  the  instruments  for  the 
use  of  the  Medical  Officer  of  Health  at  the  cost  of  the  funds  under  their  control." 
— Sanitary  Record^  April  15,  1909. 
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REPORT  ON  THE  PHENOLOGICAL   OBSERVATIONS 
FOR    1908. 

By  EDWARD  MAWLEY,  F.R.MetSoc.,  V.M.H. 

(Plate  2.) 

[Read  February  17,  1909.1 

The  following  changes  have  taken  place  in  the  observing  stations  since 
the  last  Report  was  issued.  No  returns  were  received  during  the  year 
from  Skibbereen  in  District  B ;  Ditton  Hill  in  District  O  ;  Broxbourne 
in  District  E  ;  and  Doddington  in  District  I.  On  the  other  hand,  new 
stations  have  been  started,  or  old  ones  revived,  at  Kilcullen  in  District 
B ;  *  Hellingly  in  District  C ;  Chadlington  in  District  D ;  Roxton  in 
District  B ;  Bowdon  and  Birkdale  (Southport)  in  District  F ;  Salen  in 
District  H ;  and  Lincoln,  Burnopfield,  Blyth,  and  Galashiels  in  District 
I.     The  total  number  of  observing  stations  is  now  116. 

TABLE  I.— Mean  Results,  with  their  Variations  from  the  18  Years'  Average 
(1891-1908),  FOR  the  Thirteen  Plants  in  those  Districts  where  there  have 

BEEN  sufficient  OBSERVATIONS  TO  WARRANT  COMPARISONS  BEING  MADE. 


Ybars. 

Eng. 

S.W. 

Eng.  S. 

Eng. 

Mid. 

Eng 

.  E. 

Eng.  N.W. 

Year. 

III 

Year. 

III 

Year. 

hi 

Year. 

Ill 

Year. 

M 

l"< 

>  < 

|"l 

>^< 

>    < 

Days. 

Days. 

Days. 

Days. 

Days. 

1891 

144 

+  9 

144 

+  8 

150 

+  10 

147 

+  10 

150 

+  6 

1892* 

139 

+  4 

138 

+  2 

144 

+  4 

143 

+  6 

147 

+  3 

1893 

118 

-17 

122 

"^f 

125 

-15 

123 

-14 

128 

- 16 

1894 

126 

-  9 

130 

-  6 

135 

-  5 

"7 

-10 

137 

-  7 

1895 

139 

+  4 

138 

+  2 

141 

+  I 

138 

+  I 

144 

0 

1896' 

125 

-10 

128 

-  8 

132 

-  8 

130 

-  7 

134 

-10 

1897 

130 

-  5 

132 

-  4 

'3f 

-  4 

132 

-  5 

142 

-  2 

1898 

133 

-  2 

135 

-  I 

138 

-  2 

'3^ 

-  I 

141 

-  3 

1899 

136 

+  I 

136 

0 

141 

+  I 

138 

+  I 

145 

+  I 

1900 

'^5 

+  7 

141 

+  5 

144 

+  4 

H3 

+  6 

152 

+  8 

1901 

138 

+  3 

139 

+  3 

141 

+  I 

J  39 

+  2 

144 

0 

1902 

139 

+  4 

140 

+  4 

145 

+  5 

142 

+  5 

152 

+  8 

1903 

134 

-  I 

134 

-  2 

137 

-  3 

134 

-  3 

145 

+  I 

1904* 

139 

+  4 

139 

+  3 

142 

+  2 

140 

+  3 

149 

+  5 

1905 

133 

-  2 

13s 

-  I 

'3! 

-  2 

136 

-  I 

144 

0 

1906 

13s 

0 

134 

-  2 

138 

-  2 

137 

0 

143 

-  I 

1907 

H2 

+  7 

139 

+   3 

143 

+  3 

142 

+  5 

149 

+  5 

1908* 

1  139 

+  4 

138 

+  2 

142 

+  2 

142 

+  5 

148 

+  4 

Mean 

i  13s 

136 

...  1  140 

...  1  .37 

... 

144 

Explanation  of  the  Dates  in  the  TaUes. 

I-  31  are  in  January.  183-213  are  in  July. 

32-  60     „     February.  214-244     „     August. 

61-91      ,,     March.  245-274     „     September. 

92-121      „     April.  275-305      „     October. 

122-152      „     May.  306-335     »>     November. 

153-182     ,,    June.  336-366     ,,     December. 

*  Leap  years. 
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The  averages,  with  which  the  mean  dates  of  the  different  plants  are 
compared  in  Table  IV.,  have  been  obtained  from  the  actual  observations 
made  during  the  18  years  1891-1908  in  all  those  districts  where  sufficient 
observations  were  obtainable.  Those  for  the  two  remaining  districts  are 
as  near  approximations  to  the  true  averages  as  the  limited  number  of 
records  will  allow. 

Ths  mnier  of  1907-S. 

This  was  on  the  whole  a  mildf  winter,  December  and  February  being 
unseasonably  warm,  and  January  about  as  unseasonably  cold.  The  first 
month  of  the  quarter  proved  wet,  and  January  dry,  while  the  rainfall  in 
February  was  about  average.  January  was  sunny  for  a  winter  month, 
but  in  December  and  February  the  record  of  bnght  sunshine  in  most 
districts  fell  short  of  the  average. 

The  sowing  of  winter  com,  which  had  been  greatly  interrupted  by 
the  heavy  rains  which  fell  in  the  latter  half  of  November,  was  brought 
to  a  close  by  a  still  wetter  period  in  the  early  part  of  December. 
During  January  the  conditions  were,  on  the  whole,  favourable  for  the 
preparation  of  the  land  for  the  spring  cereals,  as  the  severe  frosts  at  the 
beginning  of  that  month  served  to  pulverize  the  ground  and  render  it 
more  workable.  So  that  those  farmers  who  were  able  to  take  advantage 
of  the  continuance  of  those  favourable  conditions  during  the  first  two 
weeks  in  February,  planted  their  spring  com  in  an  excellent  seed-bed. 
After  that  time,  however,  owing  to  the  frequent  falls  of  rain,  the  progress 
made  was  neither  as  rapid  nor  as  good.  The  autumn-sown  cereals,  as  in 
the  previous  winter,  came  up  slowly,  but  on  the  whole  presented  a  fairly 
promising  appearance  at  the  end  of  the  season,  notwithstanding  the  try- 
ing period  they  had  passed  through  during  the  severe  frosts  in  the  early 
part  of  January.  The  root  and  hay  crops  of  the  previous  year  had  been 
so  good  that  there  was  never  any  lack  of  fodder  for  the  cattle  and  sheep 
during  the  whole  winter. 

In  Scotland  the  work  of  ploughing  the  land  for  the  reception  of  com 
was  very  backward  at  the  beginning  of  the  winter,  but  great  progress 
was  made  towards  making  up  arrears  during  the  drier  weather  in 
February. 

The  weather  remained  so  mild  until  nearly  the  end  of  December,  that 
many  wild  and  garden  plants  were  here  and  there  to  be  seen  still  in 
flower  throughout  the  whole  of  the  southern  half  of  England,  and  in 
some  cases  in  the  more  northern  counties.  The  winter  supply  of  green 
vegetables  was  well  maintained  until  the  January  frosts,  which  did  much 
damage  to  the  less  hardy  kinds.  This  was,  on  the  whole,  a  favourable 
winter  for  all  seasonable  garden  work,  and  more  especially  was  this  the 
case  during  the  dry  period  in  February,  when  the  transplanting  of  trees, 
shrubs,  etc.,  could  be  carried  out  under  the  most  favourable  conditions, 
both  of  soil  and  weather. 

The  fertile  flowers  on  the  hazel,  taking  the  country  as  a  whole,  made 
their  appearance  3  days  earlier  than  usual. 

The  song-thrush  was  first  heard  after  the  beginning  of  January,  1 
day  late. 

The  honey-bee  was  first  seen  to  visit  flowers  7  days  late. 
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The  Spring, 

A  cold,  wet,  and  sunless  quarter.  The  first  two  months  of  this 
important  season,  as  regards  the  cultivation  of  the  land  for  the  reception 
of  farm  and  garden  seeds,  were  very  cold,  while  rain  fell  not  only  in 
excess  of  the  average,  but  also  with  unusual  frequency.  In  most  districts 
there  was  a  marked  deficiency  of  sunshine  in  all  three  months. 

This  proved  a  trying  season  for  the  farmers,  and  especially  for  those 
who  missed  the  very  favourable  period  in  February  before  referred  to. 
For  only  now  and  again  afterwards  could  suitable  conditions  be  found  for 
getting  in  spring  corn,  owing  to  the  frequeirt  falls  of  rain  in  March  and 
April,  and  even  when  short  intervals  of  better  weather  came  the  ground 
had  by  that  time  become  hard  and  diflScult  to  work.  So  that  the  com 
planted  during  this  spring  seldom  found  an  altogether  satisfactory  seed- 
bed, and  had  in  some  cases  to  be  ploughed  up  and  re-sown.  During  the 
drier  and  warmer  weather  in  May  better  progress  was  made.  It  is 
seldom  that  so  much  com  has  had  to  be  sown  so  late  as  May.  In  fact,  a 
good  deal  had  to  remain  unsown  until  June.  The  autumn-sown  cereals 
during  the  greater  part  of  the  season  were  backward  and  thin.  The 
warmer  weather  in  May,  however,  hastened  their  growth  and  improved 
their  colour.  It  also  served  to  bring  on  the  spring  com,  and  particularly 
that  which  had  been  planted  early.  The  irregularity  of  the  growth  was 
no  doubt  due  to  two  causes,  at  first  the  rotting  of  the  grain  in  the  ground, 
owing  to  a  cold,  wet,  and  rough  seed-bed,  and  afterwards  the  exception- 
ally severe  attacks  of  wire-worms  and  grubs.  Little  if  any  injury  appears 
to  have  been  done  by  the  heavy  falls  of  snow  and  low  temperatures 
towards  the  end  of  April.  The  meadows  and  pastures  remained  unusually 
bare  during  March  and  April,  but  the  warm  rains  in  May  soon  caused  the 
grass  to  spring  into  active  growth,  so  that  at  the  end  of  the  season  there 
was  every  promise  of  an  abundant  crop  of  hay. 

In  the  gardens  the  early  sown  seeds,  owing  to  the  coldness  of  the  soil, 
germinated  slowly  and  irregularly,  while,  on  the  other  hand,  those  put  in 
during  May  came  up  quickly  and  regularly.  The  keen  frosts  and  heavy 
fall  of  snow  which  occurred  towards  the  end  of  April  did  much  damage 
in  many  places  to  the  more  tender  shrubs,  and  also  to  the  fruit  blossom 
and  early  potatoes. 

Many  of  the  Society's  observers  refer  to  the  injuries  done  to  timber 
and  other  trees  and  shrubs  by  the  weight  of  the  snow,  during  the  same 
April  snowstorm,  breaking  off  their  branches,  and  in  some  cases  up- 
rooting the  trees  themselves.  This  exceptionally  heavy  fall  of  snow  for 
the  time  of  year  appears  to  have  been  general  all  over  the  country, 
although  less  deep  in  the  colder  parts  of  the  British  Isles  than  in  the 
southern  half  of  England.  Mention  is  also  made  of  young  birds  perish- 
ing through  their  nests  becoming  filled  with  snow.  Another  remarkable 
feature  of  this  spring  was  the  surprising  growth  made  by  vegetation 
generally  after  the  few  hot  days  at  the  beginning  of  May,  as  is  invariably 
the  case  when  unusually  warm  weather  sets  in  after  a  long  spell  of  cold. 
So  marked  was  the  change  that  it  almost  immediately  transformed  the 
appearance  of  the  landscape. 

All  the  spring  plants  on  the  list,  except  the  coltsfoot^  which  was  1 
day  early,  flowered  later  than  usual,  the  wood  anemone  being  3  days  late. 
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the  blackthorn  1 3  days  late,  the  garlic  hedge-mustard  6  days  late,  the 
horse-chestnut  10  days  late,  and  the  hawthorn  9  days  late. 

Of  the  spring  migrants  included  in  the  report  the  swallow  was  8 
days  late,  the  cuckoo  6  days  late,  and  the  nightingale  9  days  late — all 
three  making  their  appearance  later  than  in  any  year  since  the   present 


1908, 


Avercuge^^ 


Fia.  1. 

system  of  observation  was  adopted  1 8  years  ago.     The  flycatcher,  on  the 
other  hand,  was  1  day  early. 

The  wasp  first  appeared  9  days  late,  the  small  white   butterfly   9 
days  late,  and  the  orange-tip  butterfly  1 1  days  late. 

The  Suminer, 

Regarded  as  a  whole,  this  was  a  dry  and  bright  summer  of  about 
average  temperature.      June  and  August  were  in  most  parts  of  the 
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country  more  or  less  cold,  whereas  in  July  the  mean  temperature  was 
generally  above  the  average.     In  all  three  months  the  fall  of  rain  was 
in  most  districts  deficient,  and  there  occurred  an  unusual  number  of  dry 
days,  while  the  duration  of  bright  sunshine  was  in  excess  of  the  mean. 
The  com  crops,  favoured  by  the  warm  weather  in  May  and  the  early 
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Average  .., 


Fig.  2. 


part  of  June,  greatly  improved,  and  there  appeared  every  prospect  of  at 
all  events  a  moderately  good  yield — which,  earlier  in  the  year,  had 
appeared  almost  impossible.  Of  the  cereal  crops  the  one  most  benefited 
by  the  changed  conditions  of  weather  was  that  of  wheat  The  dry 
weather  between  the  middle  of  May  and  the  middle  of  June  rather 
checked  the  further  growth  of  the  grass,  which,  although  an  excellent 
crop,  was  not  as  heavy  as  it  at  one  time  promised  to  be.  It  was, 
however,  harvested   in  excellent  condition,  and   with  little  trouble  or 
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expense.  The  dry  weather  continued  so  long  that  before  the  end  of 
June  the  pastures  were  becoming  parched,  while  fears  were  entertained 
as  to  the  autumn-sown  oats  and  spring  com,  the  straw  of  which  was  very 
short.  The  roots  also  from  the  same  cause  made  no  progress.  With  the 
advent  of  July  came  most  opportunely  a  return  to  wet  weather,  light 
rain  falling  almost  every  day  during  the  first  three  weeks  of  that  month, 
which  enabled  all  the  crops  to  start  again  into  fresh  growth.  The  roots 
and  grass  grew  rapidly,  and  the  ears  of  com  began  to  swell.  After  the 
third  week  of  this  moderately  wet  period  dry  weather  again  set  in,  which 
lasted  over  four  weeks,  and  allowed  the  belated  hay  in  the  colder  districts 
to  be  got  in,  while  it  also  permitted,  at  all  events  in  the  warmer  parts  of 
the  country,  nearly  the  whole  of  the  com  to  be  secured  in  admirable 
condition,  and  under  circumstances  equally  as  favourable  as  the  hay  crop 
earlier  in  the  season.  Fortunately  for  all  the  other  farm  crops  except 
the  cereals,  the  last  ten  days  in  August  proved  wet  The  frequent 
rainfall  of  that  period  prevented  the  completion  of  the  harvest  in  the 
southern  counties,  and  caused  a  good  deal  of  com,  which  had  been  already 
cut,  in  the  colder  districts  of  these  Islands  to  remain  for  a  week  or  ten 
days  exposed  in  the  fields.  On  the  other  hand,  the  roots  and  pastures 
were  greatly  benefited  by  the  change  to  moister  weather.  On  the  whole, 
somewhat  similar  conditions  prevailed  in  the  north  of  England  and  in 
Scotland.  The  hay  being  in  most  cases  well  harvested,  the  first  drought 
dwarfed  the  corn,  while  the  second  drought  caused  the  pastures  to 
become  dry  and  bare,  and  arrested  the  growth  of  the  root  crops. 

The  moderate  temperatures  of  this  season  favoured  the  welfare  of 
most  garden  plants,  the  only  drawbacks  being  the  two  dry  periods  before 
mentioned.  The  most  trying  of  these  was  that  lasting  from  the  middle 
of  July  to  the  middle  of  August  Fortunately,  the  weather  during  the 
latter  half  of  that  period  continued  cool,  so  that  this  drought  was  not  as 
keenly  felt  as  it  otherwise  miglit  have  been. 

All  the  summer-flowering  plants  on  the  list,  except  the  harebell,  which 
was  3  days  early,  and  the  black  knapweed,  which  flowered  at  its  average 
date,  came  into  blossom  behind  their  usual  dates,  the  white  ox-eye  being 
4  days  late,  the  dog-rose  2  days  late,  and  the  greater  bindweed  4  days 
late. 

The  meadow  brown  butterfly  made  its  appearance  7  days  later  than 
usual. 

The  Autumn. 

The  three  autumn  months  were  all  warm,  and  October  exception- 
ally so — the  departure  from  the  average  temperature  in  that  month 
ranging  between  +  4°*3  in  the  south  of  England  to  +  6°'4  in  the  north 
of  Scotland.  The  rainfall  in  September  was  in  most  districts  in  excess 
of  the  average,  but  in  the  other  two  months  there  was  a  marked  deficiency. 
The  records  of  bright  sunshine  were  extremely  variable,  but  generally 
much  better  in  the  southern  than  in  the  northern  half  of  the  British 
Isles. 

In  the  northern  counties,  as  well  as  in  some  of  those  farther  south,  a 
good  deal  of  the  corn  was  stained  or  otherwise  injured  by  the  wet  weather 
at  the  end  of  August  and  beginning  of  September,  and  particularly  was 
this  the  case  in  the  north  of  Ireland  and  Scotland,  where  much  com  was 
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stacked  in  a  very  unsatisfactory  condition.  The  experiences  of  farmers 
in  the  moderately  late  districts  appears  to  have  varied  greatly,  some 
stating  that  their  com  escaped  without  injury,  others  with  but  little 
injury,  while  in  other  cases  the  crops  were  stated  to  be  much  damaged. 
The  roots  greatly  improved  and  made  splendid  growth,  especially  in  the 
exceptionally  warm  period  of  the  first  three  weeks  in  October.  Unlike 
the  two  previous  autumns,  the  autumn  of  1908  proved  extremely 
favourable  for  working  the  land,  and  planting  the  winter  cereals,  which 
were  nearly  everywhere  got  in  with  little  labour  and  under  the  best 
possible  conditions,  the  ground  being,  as  a  rule,  just  moist  enough  without 
being  too  wet.  Even  in  Scotland  most  of  the  com  had  been  planted 
before  the  end  of  November.  The  grass  revived  and  continued  unusually 
abiHidant  and  fresh  throughout  the  rest  of  the  season.  The  newly- 
planted  corn,  favoured  by  the  warmth  of  the  ground,  germinated  quickly. 

As  had  been  the  case  in  the  fields,  this  proved  a  remarkably  favour- 
able autumn  both  in  the  flower  and  kitchen  garden.  So  that  in  the 
former,  all  but  the  most  tender  plants  remained  in  a  growing  and 
flowering  condition  throughout  the  season.  Good  growth  was  also  made 
in  the  kitchen  garden — ^in  fact,  in  the  case  of  the  green  vegetables  too 
much  growth,  should  the  coming  winter  bring  with  it  anything  like 
severe  frosts.  The  crop  of  apples  was  in  several  districts  a  good  one, 
but  owing  to  unusually  warm  and  dry  weather  following  a  period  of  wet, 
the  great  rush  of  sap  in  the  trees  caused  a  good  deal  of  the  fruit  to  fall 
prematurely. 

The  luxuriance  of  the  foliage  on  timber  and  other  trees  during  the 
summer  and  autumn  was  very  noticeable.  Moreover,  while  the  leaves 
remained  on  the  trees  to  an  unusually  late  date,  the  fall  of  the  leaf  was 
rather  rapid  when  it  once  began.  The  autumn  tints  in  many  places  are 
reported  to  have  been  remarkably  fine  while  they  lasted.  The  number  of 
instances  of  fruit  and  other  trees  flowering  again  a  second  time  was  during 
this  autumn  unusually  large.  Blackberries  were  very  abundant,  but 
there  were  in  most  places  but  few  holly  berries. 

The  only  autumn  plant  on  the  list,  the  ivy,  came  into  flower  6  days 
later  than  its  average  date. 

Taking  the  country  as  a  whole,  the  last  swallow  took  its  departure 
4  days  earlier  than  its  usual  time. 

According  to  the  Preliminary  Statement  for  Great  Britain,  issued  by 
the  Board  of  Agriculture,  the  yield  of  wheat  per  acre  exceeded  the 
average  for  the  previous  10  years  by  0*59  bushel,  oats  by  0*05  bushel, 
beans  by  010  bushel,  peas  by  0*92  bushel,  while  barley  fell  short  of  the 
average  by  0*57  bushel.  Turnips  and  swedes  exceeded  the  average  by 
2-15  tons,  mangolds  by  1*73  tons,  and  potatoes  by  ri9  tons,  hay 
(permanent  pasture)  by  0  90  cwt.,  and  hay  (clover,  etc.)  by  1'47  cwts.  per 
acre.  The  crop  of  turnips  and  swedes,  and  also  that  of  potatoes,  was 
heavier  than  in  any  year  since  official  statistics  were  first  collected  in 
1884,  while  that  of  mangolds  was  the  heaviest  during  the  same  period, 
with  the  exception  of  1902. 

Taking  the  country  as  a  whole  the  rainfall  of  the  autumn  of  1907  was 
below  the  average,  while  the  yield  of  wheat  in  1908  was  above  the 
average.  This  serves  to  bear  out  Dr.  Shaw's  contention,  as  it  has  often 
done  before,  that  a  small  rainfall  in  the  autumn  of  one  year  is  almost 
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TABLE  II.— List  of  the  Stations  with  thk  Names  of  the  Obssryess. 


h 

Station. 

County. 

P 

Obsbkvbr. 

A 

Ft. 

I.  Mawnan 

Cornwall  . 

... 

Captain  A.  Rogers,  R.N.R. 
C.  U.  Tripp,  M.A. 
F.  W.  MiUett. 

2.  Altarnon 

Cornwall  . 

600 

3.  Brixham 

Devon      . 

40 

4.  Starcross 

Devon 

50 

P.  G.  Waterfield. 

5.  Tiverton 

Devon 

270 

Miss  M.  £.  Gill. 

6.  Barnstaple 

Devon 

90 

T.  WainwrighL 

7.  Clifton 

Gloucester 

300 

G.  C.  Griffiths,  F.E.S. 

8.  Penarth 

Glamorgan 

120 

G.  A.  Birkenhead. 

9.  Bridgend 

Glamorgan 

90 

H.  J.  Randall,  Junr. 

10.  Little  Mill 

Monmouth 

300 

W.J.Grant,  F.R.H.S. 
J.  H.  Salter,  D.Sc. 

II.  Aberystwyth 

Cardigan  . 

30 

12,  Whitney-on-Wye. 

B 

13.  Tallow 

Hereford  . 

430 

W.  Burgess. 

Waterford 

Mrs.  H.  C.  Deane. 

14.  Ferns  . 

Wexford   . 

260 

G.  E.  J.  Greene,  M.A.,  D.Sc. 

Miss  F.  S.  Wynne. 

15.  Bagenalstown 

Carlow     . 

290 

16.  Ovoca 

Wicklow  . 

no 

Miss  W.  F.  Wynne. 

17.  KilcuUen     . 

Kildare     . 

500 

V.  de  C.  Hughes. 
Rev.  Canon  Russell. 

18.  Geashill 

King's  County  . 

280 

C 

19.  Bembridge  . 

Isle  of  Wight    . 

80 

C.  Orchard,  F.R.H.S. 

2a  Weymouth  . 

Dorset 

100 

N.  M.  Richardson. 

21.  Buckhom  Weston 

Dorset      . 

290 

Miss  H.  K.  H.  D'Aeth. 

22.  Havant 

Hants 

30 

H.  Beeston. 

23.  Botley 

Hants 

30 

Lady  Tenkyns. 
A.  J.  Nixon. 

24.  Birdham 

Sussex 

10 

25.  Hellingly     . 

Sussex 

170 

M.  Stroud. 

26.  Muntham 

Sussex 

250 

P.  S.  Godman.  F.Z.S. 

27.  Dover. 

Kent 

150 

F.  D.  Campbell. 

Rev.  J.  S.  Chamberlain. 

Mrs.  Silcock. 

28.  Staplehurst . 

29.  Maidstone  . 

Kent 

no 

Kent 

100 

30.  Chiddingfold 

31.  Cranleigh     . 

Surrey 

230 

Mrs.  Maclear. 

Surrey 

180 

Miss  H.  E.  Ravenscroft. 

32.  Coneyhurst . 

Surrey 

600 

J.  Russell. 

Rev.  A.  W.  Watson. 

33.   Churt. 

Surrey 

350 

34.   Parley 

Surrey 

je 

J.  E.  Clark,  F.R.Met.Soc 

35.  Marlborough 

D 

36.  Oxford 

Wilts 

E.  Meyrick,  F.R.S. 

Oxford      . 

200 

F,  A.  Bellamy.  M.A.,  F.R.A.S. 

37.  Chadlington 

Oxford      . 

400 

Miss  M.  S.  A.  Burlton. 

38.  Harefield     . 

Middlesex 

340 

G.  E.  Eland. 

39.  Chesham 

Bucks 

300 

Miss  G.  Keating. 

40.  Watford 

Herts 

270 

Mrs.  J.  Hopkinson. 

41.  St.  Albans  (New 

Herts        . 

400 

Miss  A.  Dickinson. 

Green's  Farm) 

41.  St.  Albans  (Glen- 

Herts 

320 

W.  P.  Westell,  F.R.H.S. 

ferrie  Road) 

42.  King's  Langley    . 

Herts 

400 

M.  Arnold. 

43.  Berkhamsted 

Herts 

400 

Mrs.  E.  Mawley. 

44.  Harpenden  . 

Herts 

370 

J.  J.  Willis. 

H.  Southall,  F.R.Met.Soc 

45.  Ross    . 

Hereford  . 

210 

46.  Dymock 

Gloucester 

120 

Miss  M.  Peake. 

47.  West  Malvern 

Worcester 

600 

Mrs.  Kensington. 

48.  Famborough 

Warwick  . 

520 

Miss  D.  J.  G.  Prater. 
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TABLE  II.— List  of  ■ 

rHE  Stations  with  the  Names  of  Obseiivees— «wt<mw«d. 

Station. 

County. 

if 

Observes. 

49.  Northampton 

Northampton    . 

Ft. 
320 

H.  N.  Dixon,  M.A.,  F.L.S. 

50.  Stone. 

Stafford    . 

330 

W.  Wells  Bladen. 

51.  Ketton 

Rutland    . 

290 

Rev.  A.  H.  Snowden. 

52.  Beeston 

Notts 

210 

G.  Fellows. 

53.  Hodsock 

Notts 

60 

MissMellish,  F.R.H.S. 

54.  Macclesfield 

Cheshire  . 

500 

J.  Dale. 

55.  Belton 

Lincoln     . 

200 

Miss  F.  H.  Woolward. 

56.  Altofts 

Yorks  (W.R.)  . 

120 

H.  G.  Townsend. 

57.  Horbury      . 

Yorks(W.R.)  . 

210 

W.  Rushforlh. 

58.  Ripley 

E 

59.  Hatfield 

Yorks  (W.R.)  . 

240 

Rev.  W.  T.  Travis. 

Herts 

380 

Miss  R.  Blackett. 

60.  Hertford 

Herts 

140 

W.  Graveson. 

61.  Sawbridge  worth  . 

Herts 

350 

H.  S.  Rivers. 

62.  Hitchin 

Herts 

220 

A.  W.  Dawson,  M.A. 

63.  Odsey  (AshwcU) . 

64.  Shelford      . 

Cambridge 

260 

Sir  H.  G.  Fordham. 

Cambridge 

60 

C.  E.  Smith. 

65.  Booking 

Essex 

240 

H.  S.  Tabor,  F.R.Met.Soc. 

66.  Lexden 

Essex 

90 

S.  F.  Humard. 

67.  Boxton 

Beds 

Miss  G.  H.  Day. 

68.  Carleton-Forehoe 

Norfolk 

100 

Rev.  C.  H.  Master. 

69.  Tacolneston 

Norfolk 

190 

Miss  E.  J.  Barrow. 

70.  Eaton  (Norwich) 

Norfolk 

100 

A.  W.  Preston,  F.R.Met.Soc 

71.   Southacre    . 

Norfolk 

100 

Rev.  E.  T.  Daubeney. 

72.  Brunstead    . 

Norfolk 

30 

Rev.  M.  C.  H.  Bird. 

73.   Hevingham 

Norfolk 

Major  Marsham. 

74.  Clenchwarton 

Norfolk 

10 

Miss  E.  M.  Stevenson. 

75.  Peterborough 

F 

76.  Llangollen  . 

Northampton    . 

30 

J.  W.  Bodger. 

Merioneth 

270 

T.  Ruddy. 

77.   Betley 

Stafford    . 

250 

Miss  M.  L.  Hodgson. 

78.   Bowdon 

Cheshire  . 

150 

T.  A.  Coward. 

79.  Birkdale    (South- 

Lancashire 

220 

J.  F.  Knowlson. 

port) 

80.  Preston 

Lancashire 

50 

J.  R.  Charnley,  F.G.S.,  F.Z.S. 

81.  Ambleside   . 

Westmoreland  . 

220 

Miss  Drury. 

82.  Cronkbourne 

Isle  of  Man 

no 

A.  W.  Moore  and  J.  Murphy. 

0 

83.  Ardgillan     . 

Dublin      . 

210 

J.  Woodward. 

J.  M.  Wilson,  M.A. 

84.  Edgeworthstown . 

Longford  . 

270 

85.  Westport     . 

Mayo 

10 

T.  M.  McBride. 

The  Dean  of  Clogher. 

86.  Chanter  Hill 

Fermanagh 

250 

87.  Loughbrickland   . 

Down 

350 

Rev.  Canon  Lett. 

88.  Saintfield     . 

Down 

310 

Rev.  C.  H.  Waddell,  M.A. 

89.  Antrim 

Antrim     . 

70 

Rev.  W.  S.  Smith. 

90.  Altnafoyle   . 

Londonderry     . 

450 

T.  Gibson. 

91.  Milford 

H 

92.  Kirkmaiden 

Donegal    . 

150 

Miss  Osborne. 

Wigtown  . 
Kirkcudbright  . 

100 

Rev.  D.  R.  Williamson. 

93.  New  Galloway     . 

450 

T.  R.  Bruce. 

94.  Jardihgton   . 

95.  Moniaive 

Dumfries  . 

100 

T.  Rutherford. 

Dumfries  . 

350 

J.  Corrie. 

96.  Port  Ellen   . 

Isle  of  Islay      . 

lO 

T.  F.  Gilmour. 

97.  Salen  . 

Argyll      .         . 

60 

Miss  R.  M'Naughten. 
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h 

Station. 

County. 

P 

Obsbrvbk. 

I 

Ft. 

98.  Lincoln 

Lincoln    . 

200 

Rev.  F.  L.  Blathwayt. 

99.  Thirsk 

Yorks(N.R.)    . 

120 

A.  B.  Hall. 

100.  Durham     . 

Durham    . 

350 

Prof.  R.  A.  Sampson  and  F.  C. 

Carpenter. 
H.  F.  Bulman. 

H. 

10 1.  Buraopfield 

Durham    . 

580 

102.  Corbridge-on- 

Northumberland 

200 

A.  W.  Price. 

Tyne 
103.  Blyth 

Northumberland 

20 

S.  Dunnett. 

104.  Galashiels. 

Selkirk     . 

460 

H.  Sanderson. 

105.  West  Foulden    . 

Berwick    . 

250 

J.  H.  Craw. 

J 

106.  Forgandenny 

Perth 

D.  Nicoll. 

107.  Kirriemuir 

Forfar 

250 

T.  M.  Nicoll. 

108.   Durris 

Kincardine 

420 

A.  Macdonald,  M.A. 

109.  Crathes 

Kincardine 

140 

J.  Smith,  F.R.Mei.Soc. 
P.  Harper. 

lie.  Aberdeen  . 

Aberdeen 

40 

K 

III.   Invermoidart 

Inverness . 

60 

S.  M.  Macvicar. 

112.  Beauly 

Inverness . 

60 

A.  Birnie. 

113.   Dingwall    . 

Ross 

10 

J.  P.  Smith,  M.D. 

114.   Inverbroom 

Ross 

50 

Lady  Fowler. 

115.  Watten 

Caithness . 

150 

Rev.  D.  Lillie. 

i 

The  numbers  before  the  names  of  the  stations  refer  to  their  position  on  the  Map  of  the 
Stations.     (Plate  2.) 

invariably  followed  by  a  good  crop  of  wheat  in  the  next  year,  although, 
as  will  have  been  gathered  from  the  foregoing  description  of  the  state  of  the 
wheat  crop  in  the  early  spring,  the  intervention  of  the  weather  in  May  at 
a  critical  period  of  its  growth  must  also  have  had  considerable  influence 
in  bringing  about  the  required  result. 

The  yield  of  fruit  was  variable,  but,  taking  the  country  as  a  whole, 
rather  poor.  Apples  in  the  south-western,  southern,  and  midland  counties 
of  England  were  a  good  crop,  but  throughout  the  rest  of  the  British  Isles 
below  average,  while  pears  and  plums  were  everywhere  very  deficient. 
On  the  other  hand,  all  the  small  fruits,  such  as  raspberries,  currants, 
gooseberries,  and  strawberries,  were  excellent  crops. 


The  Year, 

The  most  noteworthy  features  of  the  weather  of  the  phenological  year 
ending  November  1908  were  the  severe  frosts  early  in.  January,  the 
exceptionally  heavy  fall  of  snow  and  remarkably  low  temperatures  in  the 
latter  part  of  April,  and  the  marked  periods  of  unusually  wet  and 
unusually  dry  weather  during  the  summer.  In  February  and  March 
wild  plants  came  into  blossom  in  advance  of  their  usual  time,  but  through- 
out the  rest  of  the  flowering  season  were  more  or  less  behind  their 
average  dates.     Such  early  spring  migrants  as  the  swallow,  cuckoo,  and 
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TABLE  III.— Date  (Day  of  Year)  op  First  Flowering  of  Plants,  1908. 


Station. 

1 

1 

V 

1 

1 

I 

X 

] 

k 

6 

i 

1 

1 

.1 

r 

A 

Mawnan 

49 

89 

90 

,,, 

133 

126 

136 

165 

176 

>93 

Altarnon 

5! 

80 

120 

122 

1381 

142 

154 

175 

176 

193 

213 

216 

262 

Brixham 

36 

40 

88 

130 

141 

... 

200 

269 

Starcross 

34 

52 

93 

123 

122 

122 

152 

148 

153 

... 

174 

259 

Tiverton 

SI 

49 

90 

79 

112 

133 

122 

151 

160 

165 

280 

Barnstaple 

25 

59 

82 

94 

no 

122 

137 

162 

163 

178 

2i'8 

190 

269 

Clifton 

... 

... 

... 

132 

141 

Bridgend 

51 

^5 

91 

108 

I2'3 

^38 

147 

154 

164 

170 

188 

198 

270 

Little  Mill 

34 

60 

77 

112 

lOI 

118 

134 

130 

153 

171 

... 

163 

251 

Aberystwyth 

45 

53 

89 

90 

106 

135 

141 

146 

161 

167 

187 

184 

256 

Whitney-on-Wye . 

B 
Tallow 

42 

35 

81 

108 

... 

143 

150 

157 

179 

196 

204 

284 

19 

61 

77 

95 

128 

133 

151 

197 

193 

Ferns  . 

39 

81 

^03 

77 

... 

99 

142 

151 

163 

210 

•yj 

204 

265 

... 

68 

101 

141 

142 

... 

Ovoca . 

16 

... 

97 

148 

141 

150 

192 

Kilcullen 

... 

SS 

112 

... 

140 

139 

153 

164 

177 

... 

Geashill 

42 

53 

82 

102 

119 

147 

141 

151 

166 

177 

205 

... 

C 

Bembridge  . 

31 

22 

88 

102 

121 

121 

128 

132 

163 

Weymouth  . 

40 

95 

lOI 

... 

138 

159 

169 

168 

181 

275 

Buckhorn  Weston 

39 

74 

73 

114 

114 

135 

139 

149 

161 

162 

186 

262 

Havant 

26 

88 

108 

108 

131 

141 

141 

158 

.. . 

182 

185 

272 

Botley 

37 

73 

92 

86 

III 

136 

138 

149 

161 

186 

200 

274 

Birdham 

36 

67 

75 

112 

^^5 

153 

170 

... 

Hellingly  . 

7^ 

77 

91 

122 

105 

138 

141 

143 

155 

... 

... 

Muntham 

40 

41 

83 

109 

109 

128 

133 

147 

157 

180 

... 

193 

266 

Dover  . 

... 

67 

99 

132 

141 

169 

181 

270 

Staplehurst  . 

32 

55 

84 

114 

104 

125 

131 

137 

153 

175 

175 

183 

... 

Maidstone  . 

16 

48 

84 

116 

III 

132 

136 

146 

153 

169 

179 

261 

Chiddingfold 
Cranleigh 

43 

... 

77 

106 

136 

150 

150 

153 

177 

... 

201 

S^S 

37 

107 

123 

131 

145 

143 

157 

181 

... 

Coneyhurst  . 

40 

log 

97 

120 

131 

143 

161 

166 

183 

175 

192 

280 

Churt  . 

32 

49 

90 

115 

^h 

136 

145 

149 

155 

171 

183 

198 

Purley 

40 

38 

94 

118 

128 

135 

144 

146 

162 

20J 

194 

280 

Marlborough 

D 

Oxford 

26 

68 

87 

95 

121 

137 

142 

148 

163 

176 

186 

188 

no 

133 

133 

132 

157 

192 

266 

Chadlington 

7/ 

79 

94 

109 

"3 

... 

141 

143 

154 

177 

186 

186 

... 

Harefield   . 

89 

123 

126 

134 

141 

150 

160 

176 

^^S 

196 

... 

Chesham 

53 

67 

92 

120 

122 

137 

143 

157 

Watford   . 

35 

69 

lOI 

107 

133 

140 

145 

158 

16(5 

178 

170 

268 

St.  Albans  (New 

43 

... 

92 

108 

122 

131 

145 

151 

157 

174 

174 

268 

Greens  Farm) 

St.  Albans  (Glen- 

... 

68 

108 

123 

123 

137 

145 

151 

157 

192 

185 

208 

284 

ferrie  Road) 

King's  Langley  . 

^ 

"3 

"5 

139 

149 

151 

162 

... 

Berkhamsted 

50 

55 

105 

122 

125 

139 

155 

148 

155 

183 

189 

191 

... 

Harpenden  . 

54 

80 

§9 

"5 

"7 

137 

144 

149 

159 

167 

Ross  . 

33 

54 

88 

100 

105 

132 

130 

... 

157 

166 

... 

283 
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TABLE  IIL— Date  (Day  or  Year)  of  Fibbt  Flowering  ok 
Plants,  IdOS^eotUinued, 


Station. 

1 

44 

5 

SI 

1 

82 

1 

102 

1^ 

X 

no 

1 
1 

X 
137 

X 

138 

1 

1 

142 

J 

1 

157 

1 

1 

160 

1 

X 

^ 

Dymock 
West  Malvern 

55 

39 

87 

106 

in 

135 

140 

162 

154 

161 

179 

182 

293 

Farnborough 

39 

42 

106 

"3 

"23 

139 

138 

HS 

'|5 

202 

^i^ 

269 

Northampton 

46 

65 

87 

107 

126 

140 

144 

150 

162 

176 

184 

193   258 

Stone  . 

... 

78 

143 

148 

... 

... 

209    ... 

Ketton 

... 

... 

141 

141 

... 

159 

... 



Beeston 

6S 

125 

134 

160 

166 

179 

'ii 



Hodsock       . 

50 

70 

95 

no 

125 

136 

141 

^SS 

168 

189 

186 

187.  ... 

Macclesfield 

60 

87 

121 

118 

141 

148 

151 

163 

173 

184 

186 

191 '  275 

Belton 

43 

83 

90 

125 

128 

132 

141 

156 

160 

169 

179 

183    ... 

Altofts 

Oj 

75 

98 

^S7 

122 

144 

151 

ns 

«ss 

'P 

173     ••• 

Horbury 

37 

98 

... 

... 

189 

189 

... 

Ripley 

E 
Hatfield        . 

76 

92 

137 

143 

150 

154 

... 

41 

92 

100 

... 

131 

144 

155 

203 

Hertford 

42 

61 

86 

103 

in 

>34 

'35 

147 

159 

163 

i8s 

i'^   281  1 

Sawbridgeworth   . 

44 

67 

... 

161 

... 

Hitchin 

37 

75 

89 

107 

119 

134 

138 

152 

158 

... 

... 

Odsey  (Ashwell)  . 

38 

112 

145 

... 

^is 

Shelford       . 

41 

69 

i'^S 

125 

129 

133 

140 

142 

156 

... 

199 

... 

268 

Rocking 

42 

68 

106 

120 

120 

135 

140 

152 

157 

178 

193 

201 

270 

Lexden 

54 

... 

»03 

120 

132 

137 

160 

171 

182 

... 

267 

Roxton 

32 

50 

66 

109 

133 

Carleton-Forehoe . 

47 

74 

117 

127 

122 

139 

166 

169 

... 

'•'•    273 

Tacolneston 

40 

68 

112 

124 

"3 

142 

155 

... 

... 

Eaton  (Norwich) . 

6S 

98 

131 

128 

133 

141 

153 

163 

187   250 

Southacre    . 

72 

80 

105 

122 

141 

159 

162 

171 

178 

...  1264 

Brunstead     . 

37 

74 

119 

124 

136 

144 

153 

159 

195 

188 

208 ;  271 

Hevingham . 

86 

142 

...  1  ... 

Clenchwarton 

^7 

138 

141 

158 

210 

... 

184 !  268 

Peterborough 

F 
Llangollen    . 

33 

71 

109 

no 

119 

135 

136 

151 

158 

182 

187 

193   260 

39 

49 

107 

104 

120 

140 

142 

151 

167 

196 

199 

204   284 

Betley. 

45 

87 

n6 

f4S 

140 

143 

164 

167 

187 

>93 

205 !  292 
208  291 

Bowdon 

67 

91 

108 

137 

138 

149 

157 

170 

202 

189 

Birkdale  (South- 

141 

135 

143 



port) 

Preston 

63 

... 

.. . 

...  I  ... 

Ambleside    . 

35 

56 

III 

132 

145 

152 

159 

162 

181 

181 

212 1 284 

Cronkbourne 

0 

Ardgillan     . 

51 

58 

135 

146 

147 

160 

^J7 

204  290 

39 

67 

95 

107 

142 

145 

153 

176 

210 

210 

223  302 

Edgeworthstown  . 

99 

^SS 

155 

167 

Westport      . 

35 

"5 

149 

144 

'.'.'.  [266 

Chanter  Hill 

37 

61 

90 

99 

105 

134 

146 

i5'6 

169 

i8s 

194 

209:283 

Loughbrickland    . 

6g 

91 

706 

123 

... 

123 

147 

/70 

173 

204 

... 

231  299 

Saintfield      . 

8S 

106 

140 

147 

162 

171 

... 

...  1282 

Antrim 

52 

... 

145 

144 

... 

168 

190 

... 

213    ... 

Altnafoyle    . 

46 

72 

125 

... 

150 

149 

174 

194 

... 



Milford 

7 

... 

... 

MS 

147 

156 

189 

224  280 
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TABLE  III.— Date  (Day  of  Year)  of  First  Flowering  of 
Plants,  IQOS^eoniinued, 


i 

. 

u  3 

1 

i 

h 

1 

.  . 

Station. 

X 

i 

1 

1 

» 

1 

J 
1 

B 

^ 

0 

r 

H 

' 

Kirkmaiden. 

52 

48 

96 

122 

151 

155 

170 

174 

2J2 

202  273 

New  Galloway  . 

38 

96 

108 

131 

155 

175 

173 

202 

196 

Jardington  . 

45 

95 

93 

122 

150 

148 

159 

171 

167 

191 

Moniaive 

100 

135 

'59 

156 

159 

162 

... 

187 

204 

3'0 

Port  Ellen  . 

7J 

72 

... 

III 

145 

144 

172 

Salen  . 

I 
Lincoln 

... 

I'tO 

150 

151 

157 

169 

... 

295 

40 

93 

96 

I3i 

139 

143 

157 

157 

... 

Thirsk 

36 

49 

84 

127 

120 

140 

145 

153 

168 

179 

192 

... 

280 

Durham 

51 

55 

J18 

... 

152 

151 

170 

m 

... 

BurnopHeld  . 

51 

97 

97 

128 

149 

152 

176 

194 

... 

... 

Corbridge-on-Tyne 

47 

84 

149 

152 

150 

161 

174 

201 

Blyth  . 

51 

53 

72 

III 

144 

149 

168 

172 

184 

189 

...  1  ... 

Galashiels  . 

64 

102 

122 

131 

151 

152 

163 

162 

... 



West  Foulden   . 

46 

102 

ns 

144 

148 

158 

178 

198 

199 

J 

Forgandenny 

16S 

164 

... 

Kirriemuir  . 

... 



160 

192 

183 

... 

Durris . 

96 

128 

151 

154 

160 

165 

187 

181 

202 

287 

Crathes 

47 

45 

98 

130 

156 

182 

... 

Aberdeen  . 

K 

Invermoidart 

97 

^^5 

15*7 

153 

... 

187 

... 

... 

108^ 

152 

172 

175 

212 

286 

Beauly 

^ 

46 

123 

137 

139 

153 

160 

172 

173 

191 

187 

306 

Dingwall   . 

40 

68 

99 

123 

144 

162 

162 

166 

197 

Inverbroom . 

64 

112 

... 

... 

Watten 

79 

...   ...  \   ...  \2oy 

'   i 

... 

214 

The  dates  in  iXalici  have  not  been  taken  into  consideration  when  calculating  the 
means  given  in  Table  IV. 


nightingale  made  their  appearance  remarkably  late.  The  only  deficient 
farm  crop  was  that  of  barley.  The  yield  of  wheat,  oats,  and  beans  was 
ratlier  above  the  average,  that  of  peas  and  hay  very  good,  while  the  crops 
of  turnips,  mangolds,  and  potatoes  taken  together  were  the  most  abundant 
for  many  years.  The  yield  of  apples  was  under  average,  and  that  of 
pears  and  plums  much  under  average.  On  the  other  hand,  the  crops  of 
raspberries,  currants,  gooseberries,  and  strawberries  were  almost  every- 
where unusually  good.  As  regards  the  farm  crops,  this  was  the  third  good 
year  in  succession,  although  compared  with  1906  and  1907  the  yields  in 
1908,  except  in  the  case  of  turnips,  mangolds,  and  potatoes,  were  very 
inferior. 
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TABLE  IV.— KEA.N  Dates  (Day  or  Year)  fob  the  Pibst  Flowekino  of  18  Plants 

IK   1908,  AND  THEIR  VARIATIONS  FROM  THE   18   YEARS'  AyKRAOE,    1891-1908. 


A 

B 

C 

D 

Plants. 

England,  S.W. 

Ireland,  S. 

England,  S. 

England,  Mid. 

V  00 

>     M 

J.- 

i 

L 

2> 

1 

- 

J. 

i 

t 

1? 

t 

1? 

t 

** 

Is 

<M     S^ 

<^ 

<l 

i< 

"'s 

1< 

W8 

> 

'S    > 

£  > 

«S 

> 

Hazel 

4. 

39 

+  3 

29 

i 
31-2 

34 

1 
35    -I 

47 

42+5 

Coltsfoot     . 

55 

g 

-I 

66 

56     +10 

15 

62 

-5 

65 

65            0 

Wood  Anemone , 

92 

+  5 

79 

p 

+   4 

83 

+4 

96 

89+7 

Blackthorn. 

98 

92 

+6 

97 

81 

+  16 

106 

97 

+9 

"3 

100    +13 

Garlic  Hedge- Mustard 

116 

107 

+  9 

119 

III 

+  8 

"5 

no 

+5 

121 

"4,  ^   7 

Horse-Chestnut  . 

130 

121 

+  9 

141,121 

+  20 

132 

127 

:i 

138 

131 

+  7 

Hawthorn  . 

137 

131 

+  6 

140 

129 

+  11 

140 

132 

143 

134 

+  9 

White  Ox-Eye    . 

151 

147 

+  4 

151 

143 

+  8 

147 

142 

+5 

150 

149 

+    I 

Dog  Rose   . 

161 

156 

+  5 

164 

"5^ 

+  6 

159 

158 

+  1 

160 

160         0 

Black  Knapweed 

172 

175 

-3 

186 

182 

+  4 

175 

172 

+3 

^y 

178    -   5 

Harebell     . 

200 

+  5 

186 

182 

185 

-3 

180 

190:  -10 

Greater  Bindweed 

191 

186 

+  5 

201 

192 

+  9  190 

189 

+  1 

187 

192  1  -    5 

Ivy     ...         . 

267 

264+3 

265 

256 

+  9 

271 

271 

0 

274 :  270 ,  +  4 

Mean  for  the  13  Plants 

139 

135   +4 

i36»  128* 

+  8* 

138 

136 

+2 

142 '  140  +  2 

Plants. 

£ 
England,  E. 

F 

England,  N.W. 

0 

Ireland,  N. 

H 

Scotland,  W. 

Hazel 

^i 

36 

+  5 

42 

44 

-   2 

36 

SO  1  - 14 

n 

49 

-   4 

Coltsfoot     . 

68 

63 

+  5 

59 
89 

66 

-  7 

73 

70+3 

74 

+   4 

Wood  Anemone . 

95 

88 

+  7 

92 

-   3 

91 

87 

+  4 

99 

99 

0 

Blackthorn . 

115 

98 

+  17 

IIO 

104 

+  6 

III 

lOI 

+  10 

124 

112 

+  12 

Garlic  Hedge-Mustard 

121 

III 

+  10 

133 

125 

+  8 

105 

119 

-14 

122  \       0 

Horse-Chestnut  . 

134 

126 

4    8 

141  132 

+  9 

141 

132 

+  9 

149 

142 ,  +  7 

Hawthorn  . 

140 

131 

+  9 

146  138 

-   8 

147 

140 

+  7 

151 

145  i  +  6 

White  Ox-Eye    . 

151 

146 

+  5 

158  153 

+  5 

157 

156 

+  1 

164 

160+4 

Dog  Rose   . 

160 

158 

+  2 

166  162 

+   4 

171 

166 

+  5 

170  166+4 

Black  Knapweed 

177 

179 

-  2 

191   189 

+    2 

195 

200 

-  5 

184,1991  -15 

Harebell     . 

189 

189 

0 

190   189 

+    I 

202 

194'+  8 

191 

191 

0 

Greater  Bindweed 

194 

193 

+   I 

207 1 195 

+  12 

220 

204  I +16 

203 

198 

+  5 

Ivy     ...         . 

267 

265 

+  2 

288  282 

+  6 

285 

278 

+  7 

284 

277 

+   7 

Mean  for  the  13  Plants 

142 1 137  1+  5 

148   144 

+  4 

149 

146 

+  3 

153* 

151*1  +2* 

Plants. 

I 

England,  N.E. 

J 

Scotland,  E. 

K 
Scotland,  N. 

British  Isles. 

Hazel 

46 

49 

-   3 

47 

55 

-   8 

40 

5S 

-13 

41 

44-3 

Coltsfoot     . 

71 

68 

+  3 

71 

77 

-   6 

64 

75 

-II 

66 

67     -    I 

Wood  Anemone  . 

92 

93 

-    I 

97 

101 

-   4 

IIO 

99 

+  11 

93 

90+3 

Blackthorn . 

122 

109 

+  13 

129 

lis 

+  17 

130 

110 

+20 

114 

loi    +13 

Garlic  Hedge- Mustard 

133 

121 

+  12 

m 

139 

125 

+  14 

122 

116    +  6 

Horse-Chestnut  . 

146 

141 

+  5 

158 

U» 

+  16 

148 

140 

+  8 

142 

132    + 10 

Hawthorn  . 

149 

142 

+  7 

157 

146 

+  11 

158 

m 

+  14 

146 

137    +  9 

White  Ox-Eye     . 

161 

160 

+   I 

160 

160 

0 

169 

158 

+  11 

156 

152    +  4 

Dog  Rose   . 

170 

170 

0 

165 

17S 

-   7 

171 

170 

+   I 

165 

163    +  2 

Black  Knapweed 

191 

196 

-  5 

189 

189 

0 

209 

187 

+  22 

186 

186         0 

Harebell     . 

193 

191   +  2 

183 

W2 

-19 

192 

200 

-   8 

190 

J193    -   3 

Greater  Bindweed 

198    ... 

202 

SOS 

-    I 

201 

199 

195    +  4 

Ivy      ...         . 

280 

282  -   2 

287 

S82 

+  5 

296 

280 

+  16 

279 

273 .  +  6 

Mean  for  the  13  Plants 

146* 

143*1  +  3* 

154* 

US* 

+  1* 

152* 

14s* 

+  7* 

146 

142  1  +  4 

*  For  12  Plants. 

+  indicates  the  number  of  days  later  than  the  average  date. 

M  n  M       earlier     „ 

o         ,,  average  date  (1891-1908). 

The  dates  in  iUUies  are  approximate  averages. 
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Observers'  Notes. 

Beoembbr  1907. — AUamon  (A) — 4th.  A  few  raspberries,  alpine  straw- 
berries, and  blackberries  to  be  found.  WkHney-on-Wye  (A) — 20th.  Roses 
still  in  flower.  Ovoca  (B) — The  sweet-scented  verbena  on  the  house  remained 
green  and  unharmed  by  frost  until  the  23rd.  Churt  (O) — 25th.  Roses, 
laurestinus,  cowslips,  violets,  and  other  flowers  still  in  bloom  on  Christmas  Day. 
Purley  (O) — In  Christmas  week  counted  45  different  wild  flowers  still  out  round 
Purley  and  on  Walton  Heath.  Hodsock  (D) — On  Christmas  Day  gathered 
severed  "Gruss  an  Teplitz"  roses.  Hatfield  (B) — "Dorothy  Perkins'*  rose 
still  in  flower.  GUnchvxtrton  (E) — Sufficient  roses  gathered  to  decorate  a  dinner- 
table  on  Christmas  Day.  Betley  (F)  —  Pansies,  roses,  and  cowslips  out  on 
Christmas  Day. 

January  1908. — TFhitney-on-Wye  (A) — 16th.  Much  damage  done  to 
broccoli  and  Brussels  sprouts  from  recent  frost.  Berkhamsied  (D) — 5  th.  Last 
rose  bloom  of  the  season  destroyed  by  frost,  23  days  later  than  the  average  date 
of  its  destruction  in  the  previous  22  years.  20th.  Winter  aconite  in  flower,  its 
average  date  for  the  previous  21  years.  Tacolneston  (E) — Very  few  fieldfares 
this  winter. 

Februart. — Ovoca  (B) — 16th.  Frog  spawn  first  seen.  Bembridge  (O) — 
19th.  Prunus  pissardi  in  flower.  Churt  (O) — 16th.  Frog  spawn  first  seen. 
Llangollen  (F) — 22nd.  Trees  broken  and  torn  up  by  the  roots  by  a  brief  but 
fierce  storm  of  rain,  hail,  and  wind. 

March. — Berkhamsted  (D) — 24th.  An  early  Rivers'  peach  on  a  south 
wall  in  blossom,  2  days  later  than  its  average  date  for  the  previous  22  years. 
Beeston  (D) — 11th.  Water  wagtails  reappeared.  Botodon  (P) — 27th.  Frog 
spawn  first  seen.     Milford  (G) — 15th.     Frog  spawn  first  seen. 

April. — Mavman  (A)  —  23rd-27th.  Frequent  hail  and  frost.  Azaleas 
which  had  come  into  flower  were  cut  to  pieces.  Potatoes  mostly  cut  to  the 
ground.  Brixham  (A) — 15th.  Wheatear  first  seen.  Whitney-on-JVye  (A) — 
24th.  Asparagus  cut  down,  and  much  pear  and  plum  blossom  damaged  by  frost 
and  snow.  Tallow  (B)  —  24th.  Potatoes,  roses,  etc.,  blackened  by  frost. 
Bagenalstown  (B) — Many  shrubs  that  had  survived  the  winter  were  killed  by 
the  frosts  of  this  month.  Ovoca  (B) — Frost  and  snow  towards  end  of  month, 
which  did  much  damage  to  the  fruit  blossom,  also  buds  of  rhododendrons, 
laburnums,  white  lilac,  etc.  KUcullen  (B) — Pear  and  plum  blossom  injured  by 
frost.  Berribridge  (O) — 25th  and  26th.  Swallows  picked  up  half  dead  with 
the  cold  following  the  heavy  fall  of  snow,  Botley  (O) — 25th.  The  branches 
of  many  trees  broken  by  the  snow  ;  a  large  apple  tree  was  uprooted  ;  no  wind, 
only  the  weight  of  snow.  26th.  During  the  3  days  of  snow  the  growth 
of  grass  and  garden  plants  under  the  snow  covering  11  inches  deep  was 
wonderful.  Churt  (O) — 11th.  Wryneck  first  heard.  22nd.  Willow-wren 
first  seen.  Purley  (O) — 5th.  Picked  some  white  and  blue  sweet  violets. 
Harefidd  (D) — 18th.  Wryneck  first  heard.  St  Albans  {Glenferrie  Road)  (D) — 
On  going  through  the  woods  on  the  26th  many  of  the  branches  of  the  trees 
were  found  to  be  broken  down  by  the  weight  of  the  snow.  Many  young  birds 
perished  through  the  nests  becoming  full  of  snow.  Famhorough  (D) — Gooseberries 
nearly  all  destroyed  by  the  snowstorm  and  frosts  of  the  23rd  and  24th.  North- 
ampton (D) — 25th.  Damage  by  snowstorm  to  trees  and  shrubs,  evergreens 
especially,  was  very  great.  A  plantation  of  Scotch  firs  some  15  feet  high  were 
about  half  of  them  torn  up  and  broken  down  by  the  wind  and  snow.  A  birch 
3  feet  high  was  weighed  down  so  as  to  be  actually  prostrate.  Stone  (D) — 
Martins  made  their  appearance  11  days  later  and  sand-martins  15  days  later 
than  their  average   dates   in   the  previous    16   years.      Hodsock   (D) — 24th. 
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TABLE  v.— Date  (Day  of  Yjear)  of  Sono  and  Migration  of  Birds,  and 
First  Appearance  of  Insbots,  1908. 


Song. 

1^ 

Migration. 

Insecu. 

Station. 

11 

11 

ll 

1 

X 

1 

5  >« 

.2"  • 

ll 

A 
Mawnan    .... 

7 

no 

121 

124 

106 

90 

138 

'59 

Altarnon 

6 

93 

118 

134 

119 

276 

72 

94 

103 

136 

178 

Brixham 

27 

108 

107 

... 

... 

99 

... 

... 

Starcross 

22 

107 

119 

136 

284 

52 

122 

108 

137 

176 

Clifton 

119 

III 

122 

... 

Penarth 

161 

... 

120 

149 

186 

Bridgend 

1*6 

109 

"5 

276 

81 

14s 

I?' 

152 

141 

Little  Mill 

23 

119 

117 

m 

iss 

279 

33 

77 

81 

100 

123 

Aberystwyth 

109 

120 

125 

254 

53 

107 

108 

144 

'y 

Whitney-on-Wye 

27 

119 

119 

278 

83 

123 

119 

152 

181 

B 
Tallow       .... 

119 

114 

35 

... 

'^ 

124 

^^Z 

Ferns 

6 

120 

116 

277 

71 

lis 

108 

130 

128 

Bagenalstown 

15 
18 

117 

122 

35 

y^ 

108 

Ovoca 

121 

121 

279 

33 

89 

109 

122 

122 

Kilcullen   . 

99 

120 

... 

123 

63 

122 

106 

123 

140 

Geashill     . 

119 

122 

41 

108 

112 

133 

181 

C 

Bembridge 

22 

88 

117 

121 

100 

148 

171 

Weymouth 

121 

119 

142 

88 

152 

100 

149 

177 

Buckhom  Weston 

16 

119 

118 

135 

265 

... 

122 

132 

166 

Havant      . 

18 

103 

no 

"3 

137 

316 

73 

98 

144 

172 

Botley 

2 

91 

106 

122 

124 

281 

39 

60 

100 

138 

175 

Birdham 

15 

98 

86 

332 

99 

98 

141 

Hellingly 

93 

"7 

"5 

125 

... 

46 

124 

122 

... 

Muntham 

119 

104 

120 

148 

285 

45 

lOI 

122 

123 

Dover 

122 

274 

Staplehurst 

62 

114 

75 

lis 

126 

41 

52 

ek 

134 

153 

Maidstone 

17 

ISl 

116 

121 

... 

84 

99 

100 

... 

Chiddingfold 
Cranleigh  . 

38 

120 

114 

... 

136 

... 

121 

140 

22 

104 

104 

106 

... 

83 

98 

130 

137 

178 

Coneyhurst 

124 

"3 

119 

124 

250 

77 

122 

94 

... 

Churt 

28 

"7 

114 

120 

146 

286 

41 

87 

99 

139 

179 

Purley 

26 

... 

120 

120 

149 

286 

84 

122 

Marlborough 

D 

Oxford       .... 

64 

117 

118 

126 

123 

... 

100 

140 

172 

120 

120 

120 

121 

Chadlington 

m 

Harefield"  . 

124 

114 

121 

271 

m 

... 

i^ 

1 

Chesham   . 

28 

no 

108 

275 

55 

138 

99 

Watford     . 

no 

"7 

123 

... 

265 

50 

119 

107 

... 

St.    Albans  (New   Green's 

Farm) 
St.  Albans  (Glenferrie  Road) 

12 

119 

118 

no 

138 

290 

39 

99 

122 

m 

175 

los 

"5 

123 

130 

294 

122 

King's  Langley  . 

m 

120 

140 

123 

... 

Berkhamsted 

18 

lis 

120 

121 

109 

272 

50 

91 

122 

152 

Harpenden 

37 

117 

118 

125 

... 

99 

122 

... 

149 

m 

Ross  . 

18 

in 

120 

120 

149 

... 

54 

90 

108 

138 

... 

Dymock    .... 

27 

105 

112 

139 

277 

69 

108 

103 
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TABLE  v.— Datb  (Day  of  Year)  of  Song  and  Migration  of  Birds,  and 
^  First  Appbarance  of  Insects,  1908 — (xnUintied, 


Song. 

Migration. 

Insects. 

Station. 

% 

ll 

^1 

li 

h 

1 

1 

itt 

a 

West  Malvern    . 

8 

123 

118 

m 

271 

86 

116 

127 

131 

154 

Farnborough 

8 

107 

115 

124 

128 

277 

35 

136 

122 

148 

176 

Stone 

6 

99 

"5 

... 

127 

309 

83 

147 

123 

... 

Ketton 

28 

119 

119 

124 

138 

37 

119 

144 

174 

Beeston 

122 

120 

275 

83 

90 

123 

... 

... 

Hodsock    . 

37 

120 

118 

123 

135 

37 

118 

122 

152 

182 

Macclesfield 

37 

128 

130 

277 

lOI 

83 

83 

... 

Bclton 

17 

118 

116 

119 

135 

37 

118 

126 

143 

... 

Altofts 

... 

... 

... 

77 

148 

17S 

185 

Ripley       . 

29 

118 

120 

26s 

34 

122 

137 

156 

E 
Hatfield     .... 

4S 

"3 

u6 

121 

160 

280 

83 

83 

148 

166 

Sawbridgeworth 

18 

108 

120 

... 

137 

... 

37 

99 

107 

144 

Hitchin      . 

17 

122 

120 

121 

306 

152 

Odsev  (Ashwell) 
Shelford    . 

121 

120 

126 

124 

280 

... 

... 

. .. 

120 

"7 

118 

130 

37 

106 

106 

140 

175 

Bocking     . 

... 

"7 

118 

... 

Lexden 

26 

121 

120 

120 

130 

299 

41 

... 

99 

133 

Roxton 

2 

116 

121 

... 

133 

68 

Carleton-Forehoe 

27 

91 

120 

130 

134 

284 

37 

119 

122 

136 

Tacolneston 

27 

120 

120 

... 

300 

39 

141 

Eaton  (Norwich) 

... 

124 

... 

Southacre  . 

120 

119 

"7 

133 

303 

78 

"'3 

129 

148 

... 

Brunstead  . 

37 

114 

116 

... 

130 

280 

69 

127 

123 

141 

182 

Hevingham 

... 

118 

... 

Clench  warton     . 

2 

119 

118 

125 

... 

28i) 

74 

... 

i^ 

149 

... 

Peterborough 

26 

108 

108 

110 

125 

307 

108 

F 
Llangollen 

18 

102 

118 

132 

271 

98 

123 

123 

128 

149 

Betley        . 

39 

108 

120 

145 

292 

87 

148 

189 

Bowdon 

120 

120 

131 

279 

66 

86 

131 

Birkdale  (Southport) 

... 

117 

120 

273 

87 

87 

99 

... 

Preston      . 

27 

116 

121 

... 

;i 

83 

131 

123 

Ambleside 

38 

122 

120 

m 

72 

148 

129 

168 

«85 

Cronkboume 

36 

ISJ 

124 

... 

106 

136 

... 

a 

Ardgillan  .... 

16 

119 

119 

274 

37 

128 

109 

147 

182 

F/lgeworthstown 

26 

121 

121 

IBS 

277 

... 

122 

Westport    . 

14 

120 

122 

... 

... 

273 

... 

... 

Chanter  Hill      . 

33 

109 

119 

... 

284 

76 

I2'8 

128 

134 

150 

Loughbrickland 

33 

119 

120 

... 

278 

III 

121 

Saintfield  . 

25 

121 

121 

143 

269 

99 

143 

130 

147 

Antrim 

33 

"5 

116 

... 

136 

282 

128 

95 

98 

Altnafoyle . 

35 

124 

122 

108 

139 

»45 

184 

Milford      .... 

19 

122 

"23 

275 

47 

136 

134 

181 

H 
Kirkmaiden 

28 

119 

123 

286 

85 

124 

139 
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TABLE  V.—Datb  (Day  or  Year)  of  Song  akd  Mioblation  of  Bieds,  akd 
First  Appkarancb  of  Inbrcts,  190S—corUinuetL 


Station. 

Song. 

Migration. 

Insects. 

It 

|i 

ii 

II 

¥ 

h 

X 

t 

ii 

fl 

?l 

* 

|1 

n 

^1 

ij 

k 

^ 

p 

og 

New  Galloway  . 

38 

121 

121 

... 

262 

37 

144 

Jardington 

Moniaive   .... 

38 

121 

119 

138 

ars 

108 

H9 

x8i 

19 

121 

122 

... 

150  !  148 

Port  Ellen 

23 

123 

121 

... 

108 

135 

133 

180 

174 

Salen          .... 

1S6 

125 

159 

... 

... 

130 

I 
Lincoln      .... 

36 

125 

122 

122 

135 

280 

83 

133 

140 

182 

Thirsk       .... 

35 

121 

121 

28s 

47 

"U 

122 

152 

197 

Durham     .... 

39 

122 

129 

I3» 

177 

Burnopfield 

50 

124 

125 

16 

125 

Corbridge-on-Tync     . 

37 

120 

120 

... 

... 

... 

Blyth          .... 

41 

120 

122 

290 

... 

... 

Galashiels  .... 

18 

121 

122 

271 

70 

130 

131 

West  Foulden    . 

37 

120 

123 

142 

71 

136 

152 

... 

182 

Forgandenny     . 

51 

129 

128 

131 

Kirriemuir 

127 

122 

... 

... 

149 

... 

Durris        .... 

122 

121 

143 

269 

137 

152 

172  1 

Crathes      .... 

21 

122 

119 

16 

138 

Aberdeen  .... 

K 
Invermoidart 

18 

122 

126 

252 

105 

40 

127 

III 

123 

Beauly       .... 

41 

133 

127 

253 

37 

^35 

152 

Dingwall   .... 

13 

130 

133 

Ig 

108 

131 

... 

Inverbroom 

126 

... 

...   , 

Watten      .... 

162 

... 

71 

... 

148 

204 

Mean  Dates  for  the  British  J 
Isles  in  1908          .        1 

Jan. 

116 

Apl. 

119 
Apl. 

121 

Apl. 

134 
May 

281 

Oct. 

63 
Mar. 

112 

Apl. 

118 

Apl. 

141 
May 

171 
June 

24 

25 

28 

30 

13 

7 

3 

21 

27 

20 

19 

Mean  Dates  for  1891-1908 1 

Jan. 
23 

Apl. 
18 

Apl. 
23 

Apl. 
22 

May 
15 

Oct. 

12 

Feb. 
25 

Apl. 
13 

Apl. 
19 

May 
10 

June 
13 

The  dates  in  italics  have  not  been  taken  into  consideration  when  calculating  the 
means  for  the  British  Isles. 

Daffodils  laid  flat  by  the  snow.  Altofts  (D) — 24th.  Snow  and  very  cold  winds. 
Potatoes  killed  and  young  shoots  and  shrubs.  Hertford  (B) — The  heavy  fall 
of  snow  towards  the  end  of  the  month  broke  down  the  boughs  of  hawthorns, 
gorse,  and  other  trees  and  shrubs.  Lexden  (B) — ^The  snowstorm  did  much 
damage  to  the  Cedars  of  Lebanon  in  the  neighbourhood.  Brunstead  (E) — 25th. 
Deep  fall  of  snow.     Many  birds'  nests  forsaken.     Llangollen  (F) — 24th     Heavy 
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13 


BritUh 
Isles. 

<•:  s 

°  +  +  +  +       1       + 

1 

n(/3 

-?::  ^ 

rovO  N  00  O      Tf     Tf 
N    •-<    N                 ^ 

1      1     +  +  +        1          1 

q 

M;5 

00  00   C) 

»r>iomN   "^     fO    vo 
N   N   "M   fO  ^     N       ^ 

+  +  +  +  +      +      + 

►^tf 

^  fOTfvo  CO    N     m 
1  +  +  +  +     1      1 

00 

s 

H^' 

00  "^  O  r>.  j;j     tr%    ^ 

+++++     +      1 

o 

O 

1 

S5 

+  +  +  ++      +     + 

o 

>> 

Q 

I 
1 

1 

-i 

^o>      ff 

00  I'*  to  POOO     vO      "^ 

+  +  +  +  +   +   + 

Htij 

+  11       N 

+  +  +  +  +   °   + 

1 

»| 

III           N 

iM    to  tN.  Tf  OS      Tf      t«* 

1    +  +   +  +      +      + 

H 

Ow 

+  11       « 

+  +  +  +  +     +     + 

-:::  r 

OsOO   «   —  t^              "^ 

+  +  +    1      1        °      + 

1 

"5 

Wheat 

Barley 

Oats  .... 

Com   Harvest   began,  1 

average  Date,  day  of 

Year 

Beans 

Peas   .... 
PoUtoes 
Turnips 
Mangolds    . 
Hay  (Permanent  Pas-  \ 
tures)       .         .         / 
Hay  (Clover,  etc.) 

O    O 


H 

U 

n 
^ 

H 


11 

1        1        1      +    +    +    + 

1 

§1 

O   1    1   +  +  o  + 

1 

1 

1    1    1   o  o  o  + 

1 

«« 

^ 

+    1    o  +  +  +  + 

S5 

O    1     1    +  +  +  + 

Mm 

1     1    1    o  o  o  + 

«i 

1     1    1   +  o  o  + 

Ou) 

+  1   1  +  +  +  + 

(fi 

O    1     1    +  +  +  + 

1 

Apples 

Pears 

Plums 

Raspberries 

Currants 

Gooseberries 

.9 

1 
I 

e 

B 

t 

I 

a 


U3 

s 
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TABLE  VIIL— Vabiations  from  the  Ayeraoe  in  Temperatttre, 
Rainfall,  and  Sunshine,  1907-8. 

Winter  1907-8. 
Ttmperature, 


Months. 

1"^: 

Ire. 
S. 

Eng. 
S. 

Si- 

En. 

■ 
Eog. 
N.W. 

Ire. 

N. 

Scot. 
w. 

^l 

Scot. 
£. 

Scot. 

N. 

December 
January    . 
February  . 

0 

+  1-5 
-3.0 

+  2-0 

+  0.7 
-1.5 
+  30 

+  3-3 
-27 
+  1.8 

+  i.6 

-2-6 
+  2-8 

+  3-4 
-20 
+  26 

+  1.4 
-23 

+  2-4 

• 
-H-2 

-0-2 

+  3-0 

+0.8 

-M 

+  3-2 

+  1-7 
-1.9 

+2.4 

-II 
+3- 

• 
-}-I-I 

+  1.7 
+  2-5 

Winter     . 

+  0-2 

+  0.7 

+0.8 

+09' +  1-3 

1 

+0-5 

+  1-3 

+  I-0 

+0.7 

+  09 

+  18 

Haiti, 

December 
January    . 
February  . 

in. 
-Ki^ 
-20 
-0.5 

in. 
+  1-3 
-1-4 
-0.9 

in. 
+  11 
_i.o 
-0.7 

in. 
+  10 

-1-2 

-0-4 

in. 
-HO-I 

in. 

+  M 
-O-I 

+C6 

in. 
+  0-6 

+  0-I 

+0-5 

in. 
+0.8 
-02 
+0.3 

in. 
-H0.5 
-0.7 

o-o 

in. 
+  I-I 

-03 
0-0 

1 

1 

in. 

-O-I 

-0-5 
+  1.6 

Winter      . 

-0.9 

-I-O 

-0.6 

-0.6 

o<y 

+  16 

+  1-2 

+0-9 

-02 

+  0.8 

+  10 

Sunshine,                                                              \ 

December 
January    . 
February  . 

hrs. 
-16 
+  22 
-32 

hrs. 
-15 
+  3 
-26 

hrs. 
+  20 
+  36 

-   2 

hrs. 

-  7 
+  9 

-  6 

hrs. 
+  9 
+  14 
-23 

hrs. 
+  4 
+  50 
-19 

hrs. 
-   7 

hrs. 
-22 

-14 

+  7 

hrs. 
-  6 
+  18 
+  10 

hrs, 
+  I 
+  14 

+21 

hrs. 
+  5 
+  9 
-24 

Winter      . 

-26 

-38 

+  54 

-  4 

00 

+  35 

-  8 

-29 

+  22 

+  36 

-10 

Spbino  1908. 
Temperature, 


March       . 

April 

May 

0 
-2.5 
-2.4 

+  0-2 

• 

-2-0 
-2.1 

+  1-0 

-S.6 
-2.6 
+0.7 

-5.6 
-2-5 

+  1-7 

0 
-23 

-24 

+  2-3 

• 
-24 
-2.5 
-I-1.0 

0 

-1.2 
-2-2 

+  0.4 

e 
-,.9 

-2-3 
+  0-9 

• 

-2-2 
-19 
+  2^ 

0 
-27 
-30 
+  0-7 

0 
-II 

-2-6 
-O-I 

Spring 

-1.6 

-I-O 

-1.5 

-ii'-oS 

1 

-1-3 

-10 

-11  i-o-5 

-17 

-1-3 

HaiTi, 

March      . 

April 

May 

in. 
+0.9 
+0-6 
00 

in. 
+0-8 
+  01 
+  01 

in. 
-*-o.8 
+  1.0 
-0-2 

in. 

+  I-0 

+  1.4 
-03 

in. 
+  0.6 
+  1.0 
-0.4 

in. 
+07 
+  1.4 
+0.1 

in. 

+  1-3 

+  0.7 

o-o 

in. 

+  1-2 

-O-I 
+  0-I 

in. 
-l-o-S 

+0.7 

-fO-I 

in. 

+0.1 
00 

in. 

-0-3 
+0.4 
+0.5 

Spring 

+  15 

+  IK) 

+  1-6 

+  2-1 

+  1.2 

+  2.2 

+  2.0 

+  1-2 

+  1-6 

+  1.6 

+  0-6 

Sunshine. 

March       . 

April 

Nlay 

hrs. 

+  7 
-10 

-35 

hrs. 
- 10 
-  5 
-32 

hrs. 
-17 
+  4 
-19 

hrs. 
-28 
-25 

-12 

hrs. 

-25 
-II 

-   9 

hrs. 
-II 

+  5 
-10 

hrs. 
+  7 
+  17 
-19 

hrs. 

-32 

00 

-12 

hrs. 
-20 
-37 
-  3 

hrs. 
-23 

hrs. 
+  8 
-10 
-   3 

Spring 

-38 

-47 

-32 

-65 

-45 

-16 

+  5 

-44 

-60 

-48 

-   5 

-I-  indicates  above  the  arerage,  -  below  it. 
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TABLE  VIIL— Vaeiations  from  thb  Average — continued. 

Summer  1908. 

Temperature* 


Months. 

f.".^: 

Ire. 
S. 

Eng. 
S. 

Ens. 
Mid. 

\"«- 

Eng. 
N.W. 

Ire. 

N. 

Scot. 
W. 

g"I: 

Scot. 
E. 

Scot. 

N. 

June 

July.         .         . 

August 

-S.6 
+0.5 

+  OX 

0 

+09 

+0.7 

0 
O-O 

+0.3 
-0.9 

-^6 
+  0.4 
-0.4 

-0.4 
-0.3 
-o-s 

e 
-  I»2 
+  0-X 

-0-6 

0 
-2^ 

+0-4 

-0-2 

0 
-0.9 

+0-9 

-0-2 

0 
-02 

+  0-I 

-0.5 

-0.4 
-0.4 
-09 

0 
-  1-2 

-0-4 

-0.9 

Summer    . 

00 

o-o 

-0-2 

-0-2 

-0.4 

-0.6 

-0.6 

-01 

-0-2 

-0^ 

-0.8 

-Bain. 

June 

July.        .        . 

August      . 

in. 

-1-3 
-0.4 
+  0.2 

in. 
-0.8 
-0.5 
-07 

in. 
-0.4 
+  0.1 
+  0.5 

in. 
-0.2 
-0.3 

-O'l 

in. 
-06 
+  0.4 

-O-I 

in. 
+  0.7 
+  0.3 

00 

in. 
-0.7 

in. 

+0-5 
-0.3 
-0.5 

in. 
-09 
-0.4 
-10 

in. 
-0.6 
-0-8 

-1-2 

in. 
+  I-I 

-2-0 

-0.3 

Summer   . 

-1.5 

-2-0 

+  0-2 

-0.6 

-0.3 

+  i.ol-o-8 

1 

-0.3 

-2-3 

-26 

-1-2 

SU7l8hl7U» 

June 

July.         .         . 

August 

hrs. 
+  28 
+  18 

+  25 

hrs. 
-13 
+  39 
+  9 

hrs. 
+  36 
+  19 

+  25 

hrs. 
+  20 
+  12 

+  14 

hrs. 

+  20 
+   2 
+  5 

hrs. 

+27 

hrs. 
-18 
+  25 
+  15 

hrs. 
+  6 
-   6 

+  32 

hrs. 
+  3 
-  9 
+  10 

hrs. 
+  11 
-14 
+  14 

hrs. 

-  9 

-  7 

+  14 

Summer   . 

+  71 

+  35 

+  80 

+  46    +27 

+56  j+22 

+  32 

+  4 

+  11 

-   2 

Autumn  1908. 
Temperature, 


September 
October    . 
November 

+  ^6 

+  4-4 

+  2-5 

+  I.O 

+  5.6 
+  3-7 

+  0'2 

+  4-3 
+  1.9 

+  1-2 

+  4-7 

+  2-8 

+  1-2 

+  4-9 
+  2.6 

+  ?.4 
+  5-0 

+  2.2 

+  1-0 

+  6-0 
+  4-0 

+;.8 

+  5-9 

+  2-5 

+  2.2 

+  5-1 
+  22 

+  1.5 
+  5-8 
+  2.1 

+  1.7 
+  6.4 

+  2-2 

Autumn    . 

+  2-5 

+  3-4 

+  2.1 

+  29 

+  2-9 

+  2.9 

+  3-7 

+  3-4 

+  3-2 

+  3-1   +3-4 

Rain. 

September 
October    . 
November 

in. 
+01 
-i-S 

-2-1 

in.       in. 
+  2-8  -0-5 
-1-2  -1.3 
-1-4   -1-5 

in. 
+0-3 

-M 

-0.9 

in. 
-0.4 

-  I'O 

-0.9 

in. 

+  0-6 
-1.7 

-O-I 

in. 
+  2.6 
-2.0 
-0.8 

in. 
+  1-4 
-2.6 

-I-O 

in. 
+  0-1 
-1-6 
-0.8 

in.       in. 
+  1-7  +I-I 
-0.9: -3.2 

-0.6I+0-2 

Autumn    . 

-3-5 

+0.2-3.3 

-1.7 

-2-3 

-  1.2 

-0.2 

-2-2 

-2-3 

+  0-2   -1.9 

Sunshine. 

September 
October    .         .   ' 
November         .  ! 

hrs. 
-   2 
+  10 
+  34 

hrs. 

-29 
- 12 

-15 

hrs. 

+  32 
+  23 

+  51 

hrs. 

-  5 

-  4 
+  11 

hrs. 
+  29 

+  13 

+  21 

hrs. 
-    I 
+  30 
+  28 

hrs. 

-33 

-    I 

+  4 

hrs. 
-35 
-34 
-    I 

hrs. 
+  11 
-   3 

+  3  i 

hrs. 
-40 
-    I 
+  13 

hrs. 
-27 
+  8 
+  10 

Autumn    .         .   ' 

+  42 

-  56    +106 

+   2 

+  63 

+  57 

-30    -70 

+  11    -28 

t 

-   9 

The  above  Table  has  been  compiled  from  the  variations  from  the  mean  given  in  the 
Weekly  Weather  Beports  issued  by  the  Meteorological  Office. 
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TABLE   IX.— SUFPLEMKNTARY  OBSERVATIONS   IN   1908. 


BIRDS. 
Chifp-Chapf  (first  heard). 


Corncrake  (first  heard). 


Sution. 


Ovoca  . 
Oxford 
Ross  . 
Stone  . 
Saintfield 


District. 


B 
D 
D 
D 
O 


Date. 


April  S. 

„  20. 

»  17. 

»  16. 


Swift  (first  se-n). 


I 


Brixham 
Bridgend 
Ovoca . 
Cranleigh 
Coney  hurst  . 
Churt  . 
Oxford 
Harefield      . 
St.  Albans  (Glen- 

ferrie  Road) 
Ross    . 
Stone  . 

Odsey  (Ash well)  . 
Altnafoyle    . 
New  Galloway 
Corbridge-on-Tyne 


Station. 

I     - 

!  Bridgend 
j  Stone  . 

Preston 
I  Cronkbourne 

Chanter  Hill 
I  Altnafoyle    . 

Moniaive 

Corbridge-on-Tyne 

Durris . 


District. 


Dace. 


A 
D 
F 
F 
G 
G 
H 
I 
J 


May  4. 
April  23. 
May     3. 

».  3- 
April  15. 
May    3. 

„         2. 

..    16. 


PLANTS. 
Winter  Aconite. 


Whitney -on-Wye 
Bembridge  . 
Churt  . 
Watford 
Berkhamsted 
Clench  warton 
Cronkbourne 
Edgeworthstown 
New  Galloway 


A 
C 
Q 
D 
D 
E 
F 
G 
H 


Feb.    6. 
Jan.    19. 

M     17. 

»       I. 

„     20. 

>»       4* 

„     20. 

„     26. 

Feb.    6. 


fall  of  snow,  but  little  damage  done,  as  frost  was  not  severe.  Birkdale  (Sauthpori) 
(F) — The  heavy  snow  and  cold  winds  towards  end  of  month  spoilt  the  setting 
of  the  pear  blossom.  Ardgillan  (Q-) — 24th  and  25th.  Horse-chestnut  bloom 
buds  destroyed  by  frost  Edgeworthstown  (Q) — 25th.  Severe  frost  and  deep 
fall  of  snow.  Antrim  (Q) — 24th.  Snow  and  severe  frost,  which  did  much 
injury  to  aucubas,  weigelias,  syringas,  etc.  Much  of  the  bush  fruits  was 
destroyed.  Jardington  (H) — 30th.  Sand-martin  first  seen.  Thirsk  (I) — 
24tb.  Severe  frost,  which  damaged  the  early  plum  blossom.  Ice  on  the 
small  ponds  strong  enough  to  bear.  Galashiels  (I) — During  the  week  ending 
the  25th  severe  frosts  and  snow.  Durris  (J) — For  a  week  after  the  19th,  ice 
and  snow  almost  every  morning.  Beatdy  (K) — Severe  frosts  on  the  23rd,  24th, 
and  25th,  which  blackened  the  shrubs  and  made  rhubarb  quite  soft 

May. — WTiUney-or^Wye  (A) — 26th.  Owing  to  attacks  of  wireworm 
some  fields  have  become  nearly  bare.  Ovoca  (B)  —  Masses  of  blossom  on 
the  hawthorn.  Botley  (O) — 1st.  Willow  warbler  first  seen.  23rd.  Cuckoo 
sang  103  times  without  stopping  at  5.30  a.m.  Muntham  (O) — A  very  large 
number  of  queen  wasps  observed.  Coneyhurst  (O) — 4th.  Sand-martin  first 
seen.  Churt  (O) — The  snowstorms  of  the  24th  and  25th  April  and  the 
following  frosts  have  damaged  the  promising  young  shoots  of  the  tea  roses. 
6th.  Nightjar  first  heard.  30th.  First  May-fly  seen.  Purley  (Cf) — 1st  and 
2nd.  The  effect  of  the  heat  on  these  two  days  was  very  striking,  pears,  plums, 
etc.,  bursting  all  at  once  into  full  bloom.  Oxford  (D) — 19th.  Elms  and  limes 
in  full   leaf.       23rd.       Hawthorns,    chestnuts,  and   lilac   flowering   sparsely. 
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Harefield  (D) — 1st.  House-martin  first  seen.  Vegetation  generally  seemed 
to  burst  into  life.  St  Albans  (Glenferrie  Boad)  (D) — 9th.  Nightjar  first 
heard.  Berkhamsted  (D) — 1st  Wild  cherry  in  my  garden  in  flower,  14  days 
later  than  its  average  date  for  the  previous  22  years.  15th. — Blenheim 
orange-apple  in  blossom  10  days  later  than  its  average  date  in  the  previous 
22  years.  Comparatively  few  flowers  on  lilac  and  laburnum.  Stone  (D) — 17th. 
Nightjar  first  heard.  Beeston  (D) — 1st.  Vegetation  making  rapid  advance 
owing  to  change  to  warmer  weather.  SovXhcwre  (E) — 3l8t  A  sand-pit  un- 
occupied by  sand-martins  where  last  year  there  were  50  or  60  old  birds. 
Hawthorn  bloom  scanty.  Llangollen  (F) — Slugs  very  destructive  in  the  garden. 
Corbridge-on-Tyne  (I) — 1st.  House-martin  first  seen.  Durris  (J) — Such  full 
and  fresh  leaf  on  young  trees  as  is  seldom  seen.  3rd.  Sand-martin  first  seen. 
4th.     House-martin  first  seen. 

June. — Bridgend  (A) — 18th.  Hay  first  cut.  Whitney-on-Wye  (A) — 15th. 
Haymaking  began.  Geashill  (B) — Remarkable  number  of  white  butterflies 
this  summer.  Weymovih  (O)^0range-tip  butterflies  are  unusually  abundant 
this  year.  Buckkom  Weston  (O) — Droughts,  lasting  from  June  18  to  July  3, 
and  from  July  18  to  August  18.  Strawberries  suffered  the  most  from  lack 
of  rain,  Coneyhurst  (O) — The  common  large  white  butterfly  very  plentiful. 
Gkurt  (O) — 4th.  First  swarm  of  bees — the  latest  date  since  1879.  7th. 
Potatoes  and  young  bracken  killed  by  frost  in  lower  part  of  parish.  Harefield 
(D) — 1 5th.  Haymaking  began.  St.  Albans  (Glenferrie  Boad)  (D) — 1 3th.  Hay- 
making began.  Harpenden  (D) — 1 5th.  First  wheat  ear  out  of  sheath,  or  2  days 
later  than  the  average  date  for  the  previous  16  years.  Famborough  (D) — No 
lady-birds,  and  but  few  butterflies.  Gronkboume  (F) — 18th.  Hay  harvest 
began.  Antrim  (Q-) — Butterflies  less  numerous  than  usual  this  year.  Moniaive 
(H) — 27th.     Hay  first  cut.     Thirsk  (I) — 15th.     First  hay  cut. 

July. — Wkitney-on-Wye  (A) — 25th.  Haymaking  finished.  Chwrt  (O) — 
2nd.  Lawns  quite  brown,  a  few  patches  still  brown  on  the  26th.  Ketton  (D) 
— 1st  Remarkably  light  night.  Insects  remained  on  the  wing  for  an  hour 
beyond  their  usual  time.  Beeston  (D) — 5th.  Vegetation  refreshed  by  rain — 
the  first  downfall  since  June  17.  Odtei/  (E)^23rd.  Began  cutting  winter 
oats.  Clenchwarton  (B) — White  butterflies  numerous.  Betley  (F) — 22nd.  Hay 
harvest  ended.  New  Galloway  (H) — 21st.  Swift  last  seen.  Jardington  (H) — 
1st.  So  bright  late  in  the  evening  that  the  smallest  print  could  be  read.  A 
friend  told  me  he  was  weeding  in  his  garden  between  1 1  p.m.  and  midnight. 
Thirsk  (I) — 1st.  Hardly  a  blade  of  grass  to  be  seen  on  the  lawn.  Durris  (J) 
— 8th.     Cuckoo  last  heard. 

August. — IVhUney-on-Wye  (A) — 1st  Harvest  began.  Ovoca  (B) — Qarden, 
shrubs,  etc.,  suffering  from  drought  Scarcely  any  wasps  till  the  middle  of  the 
month,  after  which  they  were  very  numerous.  GeaMll  (B) — Wasps  numerous. 
Botley  (O) — ^White  cabbage  butterflies  very  numerous  in  the  first  week.  10th. 
Country  dried  up.  16th.  Rain  at  last.  Chadlington  (D) — 26th.  The  grass 
much  revived  after  a  few  rainy  days  following  4  dry  weeks.  Harefield  (D) 
— 3rd.  Oats  first  cut  8th.  Wheat  first  cut  14th.  Barley  first  cut  Kings 
Langley  (D) — 5th.  First  wheat  cut  Beeston  (D) — But  few  wasps  or  butter- 
flies. 27th.  Many  apples  blown  down  by  strong  winds.  Hodsodc  (D) — 11th. 
First  day  of  harvest.  No  apricots  or  peaches  this  year.  Odsey  (B) — 3rd. 
First  wheat  cut.  Booking  (B) — Very  few  wasps.  10th.  Harvest  began. 
Brunstead  (B) — Scarcity  of  wasps,  numerous  daddy-longlegs.  Clenchwarton 
(B) — 6th.  Harvest  began.  Cronkboume  (F) — 12th.  Com  harvest  began. 
Jardington  (H) — 26th.  Com  harvest  began.  Moniaive  (H) — 25th.  Corn 
harvest  began.     Port  Ellen  (H) — 24th.     Com  harvest  began. 

September. — HHiitney-on-IVye  {A) — 24th.  Harvest  finished.  28th.  More 
wasps  now  than  all  the  summer.     Very  few  mushrooms.     Botley  (O) — At  the 
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end  of  the  month  giaas  waa  very  thick  and  growing  as  in  spring.  Churt  (O) — 
3rd.  Very  few  waspe.  Purley  (O) — A  splendid  crop  of  blackberries.  St,  A  Ibans 
(New  Orem's  Farm)  (D) — Very  few  wasps  this  autumn.  Hodtock  (D) — 12th. 
Harvest  finished.  Bocking  (B) — 23rd.  Harvest  finished.  Brunstead  (E) — 
Harvest  not  finished  till  the  24th.  Clenchwarton  (B) — Holly  berries  abundant. 
16th.  Harvest  ended.  Llangollen  (F) — Com  standing  cut  in  the  fields  for  5 
weeks  until  discoloured  and  spoilt  AUnafoyU  (Q-) — Very  few  wasps  this  year. 
Jardinffion  (H) — Wasps  less  numerous  than  usual  Corbridge-on'Tyne  (I) — Very 
few  wasps.     DurrU  (J) — 24th.     Last  martin  seen. 

October. — Whitney-on'  IVye  (A) — Blackberries  not  plentiful  Weymouth  (O) 
— Three  pear  trees  in  my  gardens  were  covered  with  flowers  during  part  of 
October  and  November.  Botley  (O) — 16th.  Large  white  butterfly  seen.  18th. 
Small  white  butterfly  seen.  Churt  (O) — 22nd.  Dahlias  killed  by  frost. 
Harejield  (D) — 4  th.  Martins  last  seen.  Dymock  (D)— 26  th.  Begonias  and 
nasturtiums  blackened  by  frost.  Berkhameted  (D) — 24th.  Dahlias  killed  by 
frost,  1 1  days  earlier  than  the  average  date  of  their  destruction  in  the  previous 
23  years.  Betley  (P) — 23rd.  Dahlias  killed  by  frost.  BirkdaU  (Southport) 
(F) — ^Apples  and  pears  ripened  too  quickly  and  are  not  keeping  well.  Oronkboume 
(F) — 25th.  Dahlias  killed  by  frost  MUford  (Q) — Wild  roses,  raspberries,  and 
strawberries  in  flower,  also  a  pear.  Durrie  (J) — Blackberries  very  plentiful. 
7th.     Harvest  completed.     14th.     Many  wild  geese  passing  south. 

NovEMBBB. — Tiverton  (A) — Autumn  tints  very  brilliant,  and  lasted  much 
longer  than  usual.  9th.  Raspberries  were  gathered  here  in  3  different 
gardens.  25th.  Roses  still  iu  flower.  30th.  Hawthorns  are  in  flower  in  2 
gardens,  one  of  them  covered  with  blossom.  fFhitney-on-Wye  (A) — Wasps 
numerous.  Ovoca  (B) — Autumn  tints  very  late.  Geashill  (B)— Autumn  tints 
very  fine.  Trees  held  their  leaves  well  till  middle  of  month.  Botley  (O) — 
19th.  Elm  trees  in  full  leaf — all  golden  yellow.  Maidstone  (O) — Roses  still 
blooming  in  the  gardens,  cowslips  also  in  flower.  Chiddingfold  (O) — Spring 
weather  up  to  Christmas.  Coneyhurst  (O) — Roses  in  good  bloom  at  end  of  month. 
Churt  (O)-— 16th.  The  fall  of  the  leaves,  though  late,  was  very  rapid  when 
it  began.  Purley  (O) — The  elms  held  their  leaves  until  about  the  24th. 
Roses  still  in  flower  at  the  end  of  month.  St.  Albane  (New  Green's  Farm)  (D) — 
Grass  has  made  remarkable  growth.  Ross  (D) — 16th.  Dahlias  killed.  Stone 
(D) — 2nd.  Redwing  and  fieldfare  first  seen.  Hodsock  (D) — 7th.  Dahlias  killed 
by  frost.  No  roses  after  the  9th.  Odsey  (B) — 6th.  Trees  generally  have  now 
their  full  autumn  tints.  30th.  Trees  now  bare  of  leaves,  except  a  few  beech 
and  a  slight  sprinkling  still  on  some  common  elms.  Lexden  (B) — 2nd.  Trees 
holding  their  leaves  longer  than  usual.  Tacolneston  (B) — 10th.  Dahlias  killed 
by  frost.  26th.  Autumn  tints  have  been  very  beautiful.  Clenchvxirton  (B) — 
30th.  Roses  still  in  bloom.  Llangollen  (F)— 10th.  Dahlias  killed  by  frost. 
Betley  (P) — Plenty  of  berries  on  the  holly.  Many  fruit  trees  covered  with 
flower  buds.  Birkdale  (Southport)  (F)— Splendid  autumn  for  late  flowering 
plants.  Salen  (H) — ^An  apple  tree  again  in  blossom.  22nd.  Two  full-blown 
roses  gathered  from  a  "  Frau  Karl  Druschki "  growing  up  the  side  of  the  house. 
Thirsk  (I) — 18th.  Cattle  still  grazing  in  the  open  fields.  Many  wild  plants 
flowering  from  new  shoots.  Durris  (J) — 9th.  Fieldfares  first  seen.  Beauty 
(J) — 30th.  Sweet  peas,  chrysanthemums,  and  auriculas  still  in  flower,  and  the 
grass  fields  as  green  as  in  spring. 

List  op  Lantern  Slides  shown  to  illustrate  the 
Phenoloqical  Report. 

1.  A  late  year,  but  not  quite  so  late  as  1907.     Eight  forward  and  ten  back- 
ward seasons. 
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2.  Hazel — February. — Red  line  represents  average.     E.  district  ought  to  come 

before  midlands,  and  so  curve  would  be  smoother.     In  most  districts 
came  into  flower  early. 
Blackthorn — April — In  all  districts  late. 

3.  Hawthorn — May. — In  all  districts  late. 

Dog-Bose — June. — Owing  to  warmer  weather  in  May  and  early  June,  Dog- 
Rose  a  little  nearer  average  than  earlier  flowers. 

4.  Ivy — October. — Late  in  most  districts. 

5.  Swallow — April — The 'latest  date  of  which  we  have  any  record,  and  yet 

only  nine  days  behind  the  average.     Cold  winds  during  most  of  April 
Cuckoo — April. — Also  the  latest  date,  and  yet  only  six  days  behind  average. 

6.  Nightingale — April — Latest  on  record. 

Swallow  last  seen — October. — Earliest  Mrith  exception  of  1904,  when  the 
same  date. 

7.  Small  white  Butterfly — April. — Latest  but  one,  one  day  earlier  than  in 

1903. 

8.  View  looking  towards  Crystal  Palace  on  a  clear  day  from  Mr.   Clark's 

residence  at  Purley. 

9.  October  1. — View  looking  north  over  Croydon  from  Purley  on  a  foggy 

morning. 

10.  April  26. — View  across  Purley  Downs  from  Riddlesdown  Road,  Purley. 

1 1.  April  25. — Effect  of  snowstorm  in  Stoke  Brueme  Park,  Northants. 

12.  April  26. — Taken  at  Newbury  Park,  Berks.     Snow-man.     Snow  exactly 

eighteen  inches  deep,  without  drift. 

1 3.  Two  figures  walking  down  High  Street,  Berkhamsted  on  Easter  Monday. 

The  local  photographer's  two  sons. 

1 4.  Nest  of  young  rabbits. 

15.  A  good  crop  of  apples,  Berkhamsted. 

16.  Holy  thorn  or  Glastonbury  thorn  in  leaf  and  blossom.       Taken  about 

December  7  at  Qreenbank  Street,  Somerset,  about  one  mile  distant  from 
the  parent  tree  on  Wearyate  Hill,  Glastonbury. 

17.  A  spray  of  Glastonbury  thorn  in  flower  from  the  same  tree,  December  1908, 

in  a  vase. 
18-43.  Photographs  taken  by  Mr.  F.  A.  Bellamy,  4  St.  John's  Road,  Oxford, 
after  the  snow-storms  of  April  23-25. 


DISCUSSION. 

Mr.  J.  E.  Clabk  said  that  the  photograph  of  the  Glastonbury  thorn  shown 
by  Mr.  Mawley,  was  that  of  a  tree  planted  by  his  brother,  William  Clark,  about 
1865 ;  it  was  a  fairly  fast  grower.  According  to  legend  the  original  tree  was 
planted  by  Joseph  of  Arimathea  in  the  first  century  ;  it  was  destroyed  by  the 
farmer  of  the  land  at  the  beginning  of  the  eighteenth  century,  owing  to  the 
nuisance  caused  by  the  number  of  visitors  that  made  the  tree  an  object  of 
pilgrimage.  Numbers  of  cuttings  were  taken,  however,  and  the  present  thorn 
is  descended  from  the  old  original  tree.  It  does  not  differ  in  appearance 
from  the  ordinary  thorn,  but  flowers  in  an  unusual  way  both  about  Christmas 
as  well  as  in  the  spring.  Holly  was  unusually  scarce,  it  flowered  freely,  but 
the  beri'ies  were  few.  In  reference  to  apples,  Mr.  J.  Cheal  of  Crawley  had  told 
liim  that  the  early  ripening  were  of  poor  quality  and  had  kept  badly,  while 
those  that  ripened  later  were  far  superior.  The  past  autumn  had  been  most 
favourable  for  sowing,  and  farmers  were  in  excellent  spirits  in  anticipation  of 
a  good  crop  this  year.  It  remained  to  be  seen  if  such  favourable  conditions 
were  so  good  an  omen  as  Dr.  Shaw's  investigations  led  one  to  expect.     Mr.  Clark 
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then  gave  some  comparative  figures  concerning  plants,  remarking  that  at 
Christmas  1907  he  observed  50  garden  and  45  wild  plants  in  flower,  and  at 
Christmas  1908  he  found  exactly  the  same  number.  Manv  of  the  flowers  were 
good  specimens  notwithstanding  the  fact  that  his  garden  was  high  up  and  in 
an  exposed  position. 

Mr.  T.  L.  K.  Edge  said  that  perhaps  they  would  like  to  have  a  few  remarks 
from  a  farmer  of  the  Midlands.  Owing  to  much  rain  they  were  unable  to  sow 
the  wheat  before  the  last  day  of  January  1908,  the  latest  date  he  could  recollect, 
and  consequently  expected  to  get  a  poor  crop,  but  oWing  to  the  splendid  summer 
weather  he  thought  the  crop  was  the  best  he  had  ever  had,  although  he  could 
not  say  what  the  yield  per  acre  would  be,  as  he  had  not  yet  thrashed  it.  As 
to  the  good  potato  crop  he  thought  that  it  was  heavy  at  the  time  of  lifting,  but 
probably  if  it  had  been  weighed  two  or  three  months  after  raising  it  would  be 
found  that  nearly  half  would  have  to  be  thrown  away  owing  to  amount  of 
disease. 

Mr.  It  Inwards  referred  to  the  Weather  Prognostic  of  a  favourable  year 
following  a  late  spring,  and  quoted  the  jingle — 

Late  Spring, 
Great  Blessing. 

Such  was  the  case  in  this  instance. 

Mr.  F.  J.  Brodie  said  that  the  lateness  of  the  season  was  a  great  blessing, 
otherwise  the  severe  frosts  at  the  end  of  April  would  have  done  a  considerable 
amount  of  damage  ;  as  it  was,  they  did  comparatively  none.  It  was  a  striking 
year  for  temperatures,  as  there  were  severe  frosts  at  the  beginning  and  end  of 
the  year,  remarkable  cold  in  April,  and  summer  heat  in  October.  It  was  a  fine 
summer  with  much  sunshine  and  little  real  warmth,  owing  to  the  fact  that 
during  the  spells  of  fine  weather  the  wind  was  chiefly  from  the  West  or  North- 
west, which  usually  brought  cool  conditions  in  the  summer  months. 

Mr.  F.  C.  Batard  said  that  he  had  not  seen  any  wasps  this  year,  and  Mr. 
Mawley  had  not  mentioned  them  ;  he  thought  it  was  due  to  the  wet  weather  in 
March  which  had  destroyed  the  nests.  Bees  also  were  scarce  as  well  as  butter- 
flies until  the  warm  weather  at  the  end  of  September,  when  many  specimens 
were  observed  that  had  not  been  seen  earlier  in  the  year. 

Mr.  E.  Mawley  in  reply  said  that  he  had  listened  to  the  remarks  of  Mr.  Edge 
with  much  interest,  as  coming  from  a  practical  agriculturist  who  knew  from 
experience  how  greatly  farmers  were  dependent  on  the  weather  in  the  cultiva- 
tion of  their  land.  His  explanation  as  to  the  potato  crop  was  no  doubt  the 
true  one,  and  that  the  tubers  when  lifted  were  in  many  cases  not  as  sound  as 
in  the  first  instance  they  appeared  to  be.  The  reason  he  had  not  mentioned 
wasps  in  the  report,  was  because  the  returns  received  from  difl^rent  parts  of 
the  country  varied  so  greatly  as  to  make  it  evident  that  very  much  depended 
on  the  amount  of  perseverance  displayed  in  destro^dng  wasps'  neste.  Taking 
the  summer  as  a  whole  the  only  butterflies  that  were  unusually  numerous  were 
the  large  and  small  garden  white  species. 

The  President  (Mr.  H.  Mellibh)  said  he  wished  to  convey  the  thanks  of 
the  Society  to  Mr.  Mawley  for  his  excellent  Reports,  which  became  more  valuable 
year  by  year.     He  thought  the  present  one  was  as  interesting  as  any. 

Mr.  L.  C.  W.  Bonacina,  in  a  note  to  the  Secretary  after  the  Discussion, 
wrote  :  The  most  noteworthy  facts  observed  by  me  at  Northwood,  Middlesex, 
16  miles  north-west  of  Londou,  during  the  year  were  (1)  the  rapid  and  luxuriant 
growth  of  grass  when  the  weather  turned  hot  immediately  after  the  heavy 
snows  during  the  last  week  in  April,  which  has  been  noted  as  a  general 
occurrence  by  Mr.  Mawley  throughout  the  country  ;  and  (2)  the  almost  entire 
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absence  of  beech-nuts.  I  noticed  this  failure  of  beech-nuts  on  the  beech -wooded 
Chiltern  hills  in  south  Buckinghamshire  as  well  as  in  Middlesex ;  in  South 
Bucks  the  soil  is  chalky,  but  in  Middlesex  argillaceous  mainly. 

I  understand  that  Mr.  Mawley's  Instructions  to  Phenological  Observers  are 
essentially  these :  to  confine  one's  attention  only  to  the  same  individuals  of  a 
plant-species  year  by  year ;  and  to  record  the  date  of  first  flowering  of  plants, 
song  of  birds,  etc.  No  doubt  Mr.  Mawley  has  found  this  method  to  be  the  most 
practicable,  and  as  it  is  time-honoured  it  deserves  respect.  I  would  like,  however, 
to  refer  to  a  method  which,  if  only  it  could  be  found  practicable  and  capable  of 
being  carried  out  properly  by  the  large  body  of  phenological  observers,  would 
afford  wider  and  more  comprehensive  results  than  Mr.  Mawley 's  restricted  method. 
I  have  outlined  this  method  in  Symom^s  Meteorological  Magazine  for  October 
1908,  p.  175,  and  November  1908,  p.  189,  and  indicated  how  it  is  theoretically 
at  least  superior  to  Mr.  Mawley's.  In  making  phenological  observations  our 
main  object  is,  I  think,  twofold.  First  to  ascertain  approximately,  if  it  is  not 
l)0S8ible  to  do  so  exactly,  for  a  particular  locality  the  date  on  or  around  which 
it  may  be  said  that  a  particular  species  of  herb  or  tree,  for  instance,  commences 
to  leaf,  flower,  etc  This  involves  making  a  generalisation — based  upon  the 
observed  condition  of  all  the  individuals  of  a  particular  species  in  a  given  locality, 
or  at  all  events  of  a  very  considerable  and  representative  number.  Thus 
suppose  that  on  May  7  within  a  defined  walking  beat  or  round  in  one  of  the 
southern  shires,  out  of  100  hawthorn  trees  or  bushes  5  have  already  commenced 
to  flower,  or  are  just  upon  the  verge  of  doing  so,  as  defined  in  the  conventional 
way  by  the  first  appearance  of  stamens.  Then  suppose  that  by  May  12  the 
'  number  is  25  (including,  of  course,  the  previous  5)  and  that  by  May  20  it  has 
risen  to  50.  IJpon  May  20,  therefore,  one-half  of  the  total  number  of  hawthorns 
are  either  past  flowering,  or  are  in  the  first  stage  of  flowering ;  the  other  half 
remain  with  closed  flower-buds,  and  some  5  will  not  open  them  till  the  first 
week  of  June,  i,e,  a  month  after  the  5  very  early  individuals.  Making  a 
generalisation,  therefore,  it  is  fair  to  name  May  20  as  about  the  date  on  or 
around  which  the  hawthorn  and  not  a  hawthorn  is  bursting  into  flower  in  the 
given  locality. 

The  hawthorn  happens  to  be  down  on  Mr.  Mawley's  well-selected  list  of 
plants,  but  similar  reasoning  might  be  applied  to  other  species  of  plants  and 
animals.  The  method  here  briefly  touched  upon,  without  being  thoroughly 
outlined,  requires  quick  judgment,  as  well  as  acute  powers  of  observation. 
Secondly,  our  object  in  making  phenological  observations  is  to  compare  the 
relative  forwardness  of  wild  life  in  the  diff'erent  parts  of  the  British  Isles.  To 
this  object  I  think  Mr.  Mawley's  method  is  better  adapted,  and  gives  fairly 
reliable  results  on  an  average.  An  element  of  uncertainty,  however,  may  be 
introduced  from  this  circumstance,  that  an  individual  iisvally  earlier  than  two 
or  three  neighbouring  ones  of  the  same  species  is  liable  to  be  occasionally,  though 
perhaps  very  seldom,  later.  I  should  imagine  that  only  comparatively  few  of  a 
large  body  of  observers  would  be  able  to  carry  out  the  proposed  method  satis- 
factorily ;  and  if  this  is  the  case  Mr.  Mawley's  method  must  continue  to  hold 
the  field. 


The  Greenland  Sea. 

Mr.  R  C.  Mossman  in  1906,  and  also  in  1907,  accompanied  the  steam 
whaler  Scotia  during  her  voyages  to  the  Greenland  Sea  whale  fishery,  his  object 
being  to  obtain  an  insight  into  the  meteorological  processes  at  work  in  that 
region.  He  has  given  the  results  of  his  observations  in  a  paper  on  *<The 
Greenland  Sea :  its  Summer  Climate  and  Ice  Distribution,"  published  in  the 
Scotiish  Geographical  Magazine  for  June.  This  is  a  welcome  paper,  as  there  is  an 
absence  of  any  general  memoir  dealing  with  the  meteorology  of  the  Greenland 
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Sea.  The  Bpecitic  area  discussed  is  the  ocean  region  north  of  70%  between 
Spitzbergen  and  Qreenland,  and  embracing  the  longitudes  from  20'*  E.  to  20* 
W.,  but  information  for  coastal  stations  in  west  and  east  Qreenland,  Iceland, 
and  Spitzbergen  has  also  been  made  use  of.  The  author  states  that  the 
discussion  of  the  temperature  observations  had  not  proceeded  far,  when  it 
became  evident  that  very  great  assistance  in  the  drawing  of  the  isothermal 
charts  would  be  rendered  by  an  accurate  knowledge  of  the  ice  distribution.  At 
the  outside  edge  of  this  ice  there  is  formed  a  fog  zone  which  nullifies  the  solar 
effect  and  depresses  the  air  temperature,  so  that  it  cannot  rise  much  above  the 
melting  point  of  ice.  Even  in  the  height  of  summer,  and  with  a  sun  that  never 
sets,  the  direct  solar  influence  is  very  feeble  over  the  Qreenland  ice-fields ;  fine 
days  are  rare,  and  the  relatively  clear  weather  and  strong  solar  radiation 
observed  at  land  stations  on  the  Qreenland  and  Spitzbeigen  coasts  are  wholly 
absent  It  is  not  surprising  that  the  portion  of  the  Qreenland  Sea  west  of  the 
meridian  of  Qreenwich  has,  for  its  latitude,  the  lowest  mean  summer  temperature 
of  the  ocean  area  of  the  whole  northern  hemisphere,  being  but  little  above  that 
experienced  in  sub- Antarctic  zones,  where  the  same  conditions  prevail,  but  in  a 
more  intense  form. 

The  great  influence  of  the  fog  and  ice  in  lowering  the  summer  temperature 
of  the  Qreenland  Sea  has  apparently  hitherto  not  been  fully  recognised,  as  even 
the  most  recent  isothermal  charts  show  a  temperature  far  too  high,  with  the 
isotherms  running  approximately  along  parallels  of  latitude,  whereas  the 
dominating  factor  is  the  longitude  at  which  the  ice  and  sea  meet. 

Having  spent  six  months,  extending  over  two  summers,  in  this  region, 
Mr.  Mossman  could  not  help  being  impressed  with  the  overwhelming  influence 
of  the  persistent  fog,  and  that  in  a  manner  which  could  hardly  appeal  to  a 
meteorologist  discussing  the  same  data  in  a  central  bureau.  When  one  has 
witnessed,  however,  the  harassment  in  which  the  fog  involves  the  whole 
industry  of  whale-fishing,  leading  frequently  to  the  loss  of  valuable  quarry, 
and  has  seen  the  extreme  difficulties  attending  navigation,  then  the  influence  of 
the  dominating  climatic  factor  becomes  impressed  with  redoubled  force  in  a  way 
that  only  personal  experience  could  fully  appreciate. 

For  the  reason  given,  the  position  of  the  ice  was  obtained  by  direct 
measurement  from  the  annual  charts  issued  by  the  Meteorological  Institute 
of  Denmark.  In  drawing  the  isotherms,  the  mean  monthly  temperatures, 
based  on  observations  extending  over  considerable  periods  for  various  places  in 
Qreenland,  Iceland,  and  Spitzbergen,  were  entered  on  the  maps.  Then  all  the 
sea  observations,  based  on  1400  days'  observations,  were  arranged  in  groups 
embracing  two  and  a  half  degrees  of  latitude  and  five  degrees  of  longitude,  and 
the  means  entered  in  their  respective  positions,  special  weight  being  attached 
to  those  obtained  from  a  large  number  of  observations.  In  order  to  fuUy  utilise 
the  data,  mean  temperatures  were  computed  for  other  areas,  in  which  the  same 
conditions  might  be  expected  to  prevail,  and  the  resulting  values  put  on  the 
maps  at  the  exact  position  shown  from  the  average  of  the  daily  latitude  and 
longitude  of  the  observed  positions. 

To  further  aid  in  the  accurate  delineation  of  the  isotherms,  especially  daring 
June  and  July,  "  fog  frequency  "  was  calculated  from  the  daily  observations  for 
specific  areas,  and  the  mean  summer  temperature  and  fog  frequency  obtained 
for  various  places.  Normal  climatological  data  for  the  period  April  to  July 
were  then  prepared  for  each  month,  based  on  all  the  observations,  and  means 
showing  the  average  temperature,  variability  of  temperature,  wind  direction,  and 
phenomena  computed. 

Mr.  Mossman  gives  the  mean  temperature  of  each  day  from  May  1  to  July  15, 
along  with  some  periods  of  exceptional  cold  and  warmth ;  and  also  a  com- 
plete discussion  of  the  observations  taken  in  1906  and  1907. 
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PERCOLATION,  EVAPORATION,  AND  CONDENSATION. 

By  BALDWIN  LATHAM,  Mem.  Inst.  C.E.,  Mem.  Inst  M.E.,   F.G.S., 
F.S.S.,  F.R.Met.Soc. 

[Read  April  21,  1909.] 

Percolation. 

In  the  course  of  carrying  on  an  extensive  series  of  investigations  as  to 
the  probable  volume  of  underground  water  furnished  by  the  chalk 
formation  around  Croydon,  the  author  considered  it  desirable  at  the  same 
time  to  carry  on  some  experiments  on  percolation  and  evaporation,  and 
with  this  object  he  constructed  two  percolating  gauges,  in  order  to 
ascertain  what  was  the  actual  quantity  of  rain  which  percolated  into  the 
ground  within  the  chalk  area  in  which  be  had  made  the  investigation. 

Each  of  these  gauges  was  exactly  one  superficial  yard  in  area,  and 
contained  one  cubic  yard  of  material,  the  edge  of  each  of  the  gauges 
standing  about  an  inch  and  a  half  above  both  the  surface  of  the  soil 
inside  and  outside  the  gauge.  The  edge  of  each  gauge  is  sharp  inside 
sloping  outwards. 

One  of  these  gauges  was  filled  with  material  taken  from  a  chalk  down 
in  the  neighbourhood  of  Croydon  (Riddlesdown),  and  consisted  exactly  of 
the  material  which  formed  the  first  yard  in  depth  of  this  down,  including 
the  natural  growth  of  grass  upon  it.  This  is  called  the  "  chalk  gauge," 
as  it  practically  consists  of  chalk  with  a  small  amount  of  chalky  soil  on 
the  surface. 

The  other  gauge  contains  a  section  cut  out  of  the  valley  in  the  Old 
Town  of  Croydon,  with  its  natural  soil  and  vegetation,  consisting  prin- 
cipally of  gravel.     This  is  called  the  "  gravel  gauge." 

These  gauges  were  started  to  work  in  the  year  1878,  and  have  been 
daily  observed  up  to  the  present  time,  but  they  have  been  moved  on 
three  occasions  since  they  were  originally  started.  They  were  originally 
set  up  in  1878  at  Nantwich  House,  Croydon,  at  a  level  of  259  ft.  above 
Ordnance  datum.  In  1889  they  were  removed  to  Havelock  Road, 
Croydon,  and  fixed  at  a  level  of  205  ft.  above  Ordnance  datum.  In  1893 
they  were  again  moved  to  the  Old  Town  of  Croydon,  and  fixed  at  a  level 
of  158  ft.  above  Ordnance  datum;  and  since  the  end  of  1906  they  have 
been  located  at  Park  Hill  House,  at  a  level  of  265  ft  above  Ordnance 
datum. 

Two  or  more  rain-gauges  have  always  been  at  work  alongside  these 
percolators,  so  that  the  quantity  of  rain  falling,  and  the  quantity  of 
water  percolating,  have  been  ascertained  for  every  day  of  the  year  for 
thirty  years  past 

Table  I.  gives  the  monthly  rainfalls  taken  with  an  8-in.  rain-gauge, 
fixed  at  a  level  of  1  ft.  above  the  ground  surface. 

Since  the  year  1883  the  quantity  of  grass  which  has  been  grown  on 
each  of  these  percolating  gauges  has  been  weighed,  and  a  record  kept  of 
its  weight.  The  amount  of  grass,  however,  does  not  appear  to  have  had 
very  material  influence  on  the  amount  of  rain  percolating.  Although  a 
very  much  larger  proportion  of  grass  has  been  grown  upon  the  gravel 
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gauge,  yet  the  amount  of  water  percolating  is  not  so  much  reduced  by 
this  larger  amount  of  grass  which  has  been  grown  as  the  author  would 
have  thought  might  have   been  the   case.     The   luxurious   growth   of 

?;ras8  on  the  gravel  gauge  does  exercise  an  influence  on  percolation.  In 
he  time  of  heavy  rainfall,  when  the  gauges  are  sensitive  in  the  winter 
period  and  vegetation  is  dormant,  the  water  passes  quickly  through  the 
gravel  gauge,  but  in  summer  when  vegetation  is  active  the  result  is 
difTerent.  In  the  summer  months  it  will  be  seen  that  less  percolation  takes 
place  through  the  gravel  gauge  between  April  and  September  than  takes 
place  through  the  chalk  gauge.  Table  II.  gives  the  monthly  quantity  of 
percolation  that  has  taken  place  through  the  chalk  gauge,  and  Table  lU. 
the  monthly  quantity  of  percolation  that  has  passed  through  the  gravel 
gauge.  Table  IV.  shows  the  yearly  quantity  of  rainfall,  the  percolation 
through  the  chalk  and  the  gravel  gauges,  and  the  percentage  of  the 
rainfall  passing  through  the  percolating  gauges,  together  with  the  weight 
of  grass  cut  off  the  respective  gauges  each  year,  and  the  number  of  months 
every  year  when  no  percolation  occurred. 


u     ~2l                                                                     -A. 

A                     r 

^                             A       J 

^                    1  \ 

\    r    "7       "^     \^ 

'^^^"^1^^    '. 

m         -12*.                 r»-       L_  L.-  ^L .      ..I    .. . 

',                               !      \ 

Twisf,^^     felt    ^^- —     • 

^ 

Fig.  1. — Rainfall  and  Percolation  through  Chalk — Yearly  Totals. 

It  will  be  seen  that  on  the  average  of  26  years'  observations  the  weight 
of  grass  cut  off  the  gravel  gauge  was  3*919  lbs.  per  annum,  while  off  the 
chalk  gauge  2123  lbs.  on  the  average  was  taken.  These  quantities  varied 
greatly  from  year  to  year,  the  largest  quantity  having  been  grown  in  the 
year  1903,  which  had  a  very  wet  summer,  when  7 '979  lbs.  were  cut  from 
the  gravel  gauge,  and  3*566  lbs.  from  the  chalk  gauge.  The  least  amount 
of  grass,  -895  lb.,  was  cut  off  the  gravel  gauge  in  1887,  and  '586  lb.  off 
the  chalk  gauge  in  1888. 

From  Table  IV.  it  will  be  seen  that  in  the  30  years  the  total  average 
annual  amount  of  percolation  through  the  chalk  gauge  has  been  10*84  ins., 
and  through  the  gravel  gauge  10*34  ins.  The  table  also  shows  the  per- 
centage of  rainfall  that  passed  every  year  through  the  percolating  gauges, 
which  on  the  average  with  the  chalk  gauge  was  42*60  per  cent,  and 
through  the  gravel  gauge  40*63  per  cent.  The  average  yearly  rainfall  given 
in  this  table  is  25*46  ins.,  so  that  the  difference  between  the  rainfall  and 
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TABLE  IV.— Percolation  Recouds  taken  at  Ceoydon. 


Year. 

Rainfall. 

Chalk  Percolation  Gauge. 

Gravel  Percolation  Gauge. 

1 
1 

Percentage 
Percola-    '    nf  Rain. 

No.  of 
Months 

GraM  cut  off. 

Percola- 

Percentage 
of  Rain- 

No. of 
Months 

Grass  cut  uffi.      1 

1 

C  CrV.ViiH*      1      01    IVMUl* 

tion.        fall  Perco- 
'     lating. 

no 

Percob- 

lion. 

Timcb ,  Weight, 
cut.    , 

tion. 

fall  Perco- 
lating. 

no 
Percola- 
tion. 

Times 
cut. 

Weight. 

1 

ins. 

ins.       ;         % 

No. 

ibs. 

ins. 

% 

No. 

lbs. 

1          1879 

30-890 

17-1939      55-661 
14-8342,    48.533 

Notr 

ecordcd 

15.8948 

51-456 

Notr 

ecorded   | 

!  1880 

30-565 

3 

13-6520 

44-665 

2 

... 

'  1881 

25.665 

11.2502 

43-834 
38.956 

5 

113128 

44-078 

3 

... 

1882 

26.490 

10.3195 

3 

7-33IO 

27.674 

3 

1 

1883 

24-150 

9-321 1      38596 

4 

I 

1-188 

9- "97 

37762 

2 

2 

2.876 

,  '!^ 

19.770 

4-9597 

25087 

6 

I 

.719 

5-5930 

28-290 

7 

2 

2906  , 

'  1885 

26-615 

98762 

37-107 

3 

I 

•703 

11-2345 

42-211 

I 

2 

3-047 

1886 

26.955 

10-7738 ;     39-969 

4 

I 

1.300 

117920 

43-747 

I 

2 

3656 

1887 

22-960 

4.6766      20-368 

4 

I 

•^1 

II-3IPP 

49-259 

... 

I 

-S95  ; 

1888 

27-735 

13.5849      48-981 

I 

I 

•5!^ 

126313 

45-542 

2 

3-176 

1889 

25285 

8.8623      35.049 

2 

2 

3-368 

88754 

35-101 

2 

3-548 

1890 

23610 

10.7169      45-391 
19-1856      62.810 

... 

2 

1-672 

9-8588 
15-8832 

41-757 

2 

5-063 , 

1891 

30-545 

2 

2622 

51-999 

1 

2 

5-654 

1892 

25-135 

116155      46.212 

2 

2 

3485 

102554 

40-801 

I 

2 

5-844 

1893 

19-775 

5.7280      28965 
16.0093      50-968 

8 

2 

2-437 

7.2961 

36.895 

4 

2 

1-672 

1894 

31410 

... 

2 

3258 

12.8700 

40974 

3 

2 

5879 1 

1895 

21-115 

8-4037'     39-799 

I 

2 

2.771 

8-7617 

41-495 

2 

3-057 

1896 

26040 

8-4579 ;     32-480 

I 

2 

2-^38 

9.1927 

35-302 

2 

4270 

'^l 

23-955 

8-6P89      35-937 

5 

2 

2.180 

88489 

36939 

3 

2 

4-471 

1898 

20-400 

6.7520      33.098 

3 

2 

2-216 

6-1604 

30-198 

6 

2 

4304 

1899 

23-370 

9.2496      39-578 

4 

2 

2166 

10-5219 

45-023 

4 

2 

2-958 

1900 

25.260 

10-8173      42823 

6 

2 

2668 

10-5552 

41-786 

6 

2 

4-004 

1901 

21-935 

8-5549      39-001 

7 

2 

2-169 

9-0929 

41-453 

7 

2 

3-641 

1902 

20665 

8-8208      42-684 

2 

2 

2-356 

4.3766 

21.178 

6 

2 

4-680 

1903 

38-735 

26.5027 1     68-420 

2 

3.566 

22.8412 

58.968 

2 

7-979 

1904 

22-555 

9-5692 1    42426 

5 

2 

3-360 

9-5594 
90825 

42.382 

5 

2 

4-846    ; 

1905 

24.170 

10-6049      43876 

4 

2 

1813 

37-577 

I 

2 

3-988 

1906 

25-815 

10-301 1 

39903 

6 

2     '    2.095 

12-6637 

49-055 

..'. 

2 

2-900 

1907 

25-305 

9-7276 

38.441 

2 

I         1-024 

7-9301 

31-338 

2 

I 

2418 

1908 

26-815 

10-0333      37.417 

I 

2 

1-885 

5-7786 

21-550 

5 

2 

4-170 

Totals 
Aver-  ^ 

763-690 

325-3"6 

92 

45 

55-208 

310-2758 

73 

50 

101-902    . 

lbs. 

lbs. 

age,  26 

2.123 

3-919 

years,   V 
1883  to 

25-003 

10.4505  =  41.797 

! 

3-12 

1-73 

per  yard 
=  4-587 

10-0802 =40-3 16 

2.50 

192 

per  yard 
=  8.468 

I9b8  J 
Aver-  "j 

tons 
per  acre. 

1 

tons 
per  acre. 

age,  30 

years,   V 

25-456 

10.8437  =  42-598 

3-07 

10-3425  =  40-629 

2-43 

1879  to 

1 

1 

1908  ; 

1 

percolation  has  been  14 '6  2  ins.  in  the  case  of  the  chalk  gauge  and  15 '12 
ins.  in  the  case  of  the  gravel  gauge. 

Some  small  amount  of  the  water  measured  as  passing  through  the 
percolating  gauges  was  due  to  condensation ;  this  has  especially  been  the 
case  with  the  gravel  percolator. 

It  will  be  seen  that  in  the  30  years,  or  360  months,  for  92  months 
there  was  no  percolation  through  the  chalk  gauge,  but  there  were  only  73 
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months  in  the  same  period  when  there  was  no  percolation  through  the 
gi-avel  gauge. 

It  should  be  noted  that  the  differences  between  rainfall  and  percolation 
through  a  percolating  gauge  do  not  represent  the  full  amount  of  evaporation 
which  takes  place  from  the  ground,  for  the  simple  reason  that  for  a  part 
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Fio.  2. — Rainfall  and  Percolation  through  Gravel — ^Yearly  Totals. 

of  the  year  the  percolating  gauge  may  be  nearly  dry,  there  being  no 
water  in  the  subsoil  the  same  as  found  in  nature.  Consequently  the 
percolating  gauge  is  not  the  true  measure  of  the  losses  by  evaporation 
which  took  place  in  nature  from  the  ground,  as  there  is  no  doubt  that 
water  after  penetrating  the  ground,  owing  to  its  temperature,  continues 
to  give  off  vapour  and  loses  a  certain  volume,  as  was  shown  by  the  author 
in  his  address  before  this  Society  on  January  27,  1892.^ 
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Fio.  3. — Rainfall  and  Percolation  through  Chalk — Monthly  Means. 

The  largest  amount  of  percolation,  as  a  rule,  takes  place  in  the  six 
months  from  October  to  March.     There  is,  however,  an  exception  to  this 

^  Quarterly  Jourrutl,  vol.  18,  p.  58. 
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in  the  year  1903,  when  the  largest  percoktion  occurred  in  the  month  of 
June;  5*25  ins.  passed  through  the  gravel  gauge  and  5*95  ins.  through 
the  chalk  gauge  in  that  month. 

What  has  been  observed  with  reference  to  the  quantity  of  water 
passing  through  the  percolating  gauges  shows  that  the  rate  of  percolation 
is  governed  by  the  rate  of  rainfall ;  that  when  once  the  gauges  have 
become  sensitive  by  being  thoroughly  wetted,  the  rate  at  which  rain 
percolates  depends  entirely  on  the  quantity  of  rain  immediately  falling. 
This  will  be  seen  from  the  following  notes  of  the  large  percoktions  which 
have  taken  place  between  1879  and  the  present  time. 


r 

\ 

/^ 

fiflfi&l 

"^ 

7 

\ 

*•*, 

""-^ 

-- 

^^ 

y 

.^^ 

\ 

i 

f 
1 

> 

/ 

e 

iSgr 

n». 

*-> 

Wt 

?I?-'-'9 

jbb: 

'««^, 

/ 

o 

Fig.  4.— Rainfall  and  Percolation  through  Gravel — Monthly  Means. 

May  28,  1879. — This  date  was  late  in  the  year  for  heavy  percolation 
to  take  place.  Moreover  the  year  1879  was  a  cold  and  wet  year.  0*80 
in.  passed  through  both  gauges  on  this  day  out  of  a  rainfall  of  1*51  ins. 
which  fell  in  a  short  time. 

October  9,  1880. — '90  in.  passed  through  the  chalk  gauge  and  '80 
in.  passed  through  the  gravel  gauge  out  of.  2 '05  ins.  of  rain  which  fell 
on  this  day. 

October  28,  1882. — I'd  ins.  passed  through  the  chalk  gauge,  1*00  in. 
through  the  gravel  gauge.  Percolation  only  commenced  a  week  before 
this  large  amount  was  passed.  The  rainfall  was  *21  in.  on  the  26th, 
•92  in.  on  27th,  and  -51  in.  on  28th.  Of  the  1*01  ins.  percolating  "8  in. 
of  it  percolated  in  twelve  hours  between  9  a.m.  and  9  p.m. 

February  10,  1883. — "859  in.  percolated  through  the  chalk  gauge 
and  -860  in.  through  the  gravel  gauge.  On  the  9th,  '574  in.  per- 
colated through  the  chalk  gauge  and  *563  in.  through  the  gravel  gauge. 
The  rainfall  previously  had  been  "65  in.  on  the  8th,  "49  in.  on  the  9th, 
and  '66  in.  on  the  10th. 

January  26,  1884.: — '735  in.  percolated  through  the  chalk  gauge 
and  '740  in.  through  the  gravel  gauge.  Eainfall  was  "86  in.  on  that  day 
and  '30  in.  the  day  before. 

November  3,  1887. —  '715  in.  percolated  through  the  gravel  gauge  and 
nothing  passed  through  the  chalk  gauge.  The  previous  rainfall  had 
been  '41  in.  on  the  1st,  *60  in.  on  the  2nd,  and  '745  in.  on  the  3rd,  During 
the  whole  of  this  year,  1887,  the  gravel  gauge  passed  water  every  month, 
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while  the  chalk  gauge  for  some  time  ceased  to  pass  water.  The  chalk 
gauge  in  November  1887  only  passed  '023  in.,  while  the  gravel  gauge 
passed  4*168  ins. 

August  1,  1888. — Percolation  through  the  chalk  gauge  was  -795  in. 
and  through  the  gravel  gauge  '741  in.  The  percolation  had  been  '691 
in.  on  the  30th,  '260  in.  on  31st  of  July  through  chalk  gauge,  and  '756 
in.  on  30th  and  '325  in.  on  31st  July  through  the  gravel  gauge.  The 
previous  rainfall  had  been  1*095  ins.  on  30th  and  '635  in.  on  3l8t  July, 
and  '615  in.  on  1st  August. 

October  22,  1891. — *823  in.  percolated  through  the  chalk  gauge  and 
*735  in.  through  the  gravel  gauge.  The  rainfall  immediately  preceding 
had  been  *595  in.  on  the  21st  and  *485  in.  on  the  22nd. 

October  30,  1892. — *850  in.  percolated  through  the  chalk  gauge  and 
'900  in.  through  the  gravel  gauge.  There  was  1  *37  ins.  of  rain  on  the 
same  day. 

July  10,  1894. — As  an  instance  of  heavy  rainfall  failing  to  affect  the 
percolating  gauges,  on  this  day  1  '85  ins.  of  rain  fell  and  there  was  no 
percolation,  but  two  days  subsequently  there  was  a  small  amount  of 
percolation. 

October  30,  1894. — 1*062  ins.  percolated  through  the  chalk  gauge 
and  1  *067  ins.  through  the  gravel  gauge.  The  rainfall  on  the  30th  was 
1*47  ins.,  and  there  had  been  heavy  rain  previously. 

November  12,  1894. — 1*182  ins.  percolated  through  the  chalk  gauge. 
The  rainfall  on  that  day  was  1*02  ins.,  on  the  11th  '395  in.,  and  on  the 
10th  '24  in.  This  is  the  largest  amount  of  percolation  through  the 
chalk  gauge  that  has  taken  place  in  a  single  day  in  the  thirty  years' 
observations. 

December  7,  1898. — Percolation  1'050  ins.  through  the  chalk  gauge 
and  1  *080  ins.  through  the  gravel  gauge.  On  the  7th  *40  in.  of  rain  fell, 
and  on  the  6th  there  was  109  ins.  of  rain. 

May  30,  1903. — 1*85  ins.  of  rain  caused  '60  in.  of  percolation  on  the 
same  day  through  the  chalk  gauge  and  *43  in.  through  the  gravel  gauge. 

June  11,  1903. — The  heavy  rains  of  June  of  this  year  caused  a 
considerable  amount  of  percolation  at  an  unusual  season.  On  the  above 
date  1  '1 20  ins.  percolated  through  the  chalk  gauge  and  1*110  ins.  through 
the  gravel  gauge.  On  the  10th  1*72  ins.  of  rain  fell,  and  on  the  11th 
there  was  '74  in.  of  rain. 

June  15,  1903. — I'lSO  ins.  percolated  through  the  chalk  gauge  and 
1*210  ins.  percolated  through  the  gravel  gauge.  This  is  the  largest 
amount  of  percolation  through  the  gravel  gauge  that  has  taken  place  in 
a  single  day  in  the  whole  period  of  observation.  The  rainfall  preceding 
this  percolation  was  1*09  ins.  on  13th,  *94  in.  on  14th,  and  *75  in.  on  the 
15th.  The  rainfall  of  June  1903  was  7*20  ins.,  and  it  all  fell  on  12  days, 
and  in  119*5  hours. 

October  12,  1903. — '820  in.  percolated  through  the  chalk  gauge  and 
'780  in.  through  the  gravel  gauge.  The  rainfall  was  100  in.  on  the  11th 
and  '54  in.  on  the  12th. 

October  26,  1903. — '770  in.  percolated  through  the  chalk  gauge  and 
*750  in.  through  the  gravel  gauge.     The  rainfall  on  the  26th  was  '84  in. 

November  27,  1903. — *610  in.  percolated  through  the  chalk  gauge  and 
'670  in.  through  the  gravel  gauge,  the  rainfall  on  that  day  being  1*30  ins. 
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January  30,  1904. — '860  in.  percolated  through  the  chalk  gauge  and 
•810  in.  through  the  gravel  gauge.  The  rainfall  was  *70  in.  on  the  30th 
and   36  in.  on  the  29th. 

June  10,  1905. — *780  in.  percolated  through  the  chalk  gauge  and  '380 
in.  through  the  gravel  gauge.     There  was  1  '45  ins.  of  rain  in  the  day. 

No  particularly  large  amount  of  percolation  has  occurred  since  the 
last  date.  From  the  examples  given  it  will  be  seen  that  at  times  a  very 
large  percentage  of  the  rain  falling  at  once  passes  into  the  ground. 

The  first  water  passing  through  both  the  chalk  and  the  gravel  percolation 
gauges  the  author  has  had  repeatedly  analysed.  The  water  of  the  chalk 
gauge  has  been  found  to  contain,  immediately  after  percolation  commenced, 
from  21 '28  grains  to  25 '76  grains  per  gallon  of  total  solids,  and  to  vary 
in  hardness  from  9°  to  15°.  The  total  solids  in  the  chalk  water  of  the 
Croydon  waterworks  wells  have  been  found  to  vary  from  20  to  26  grains 
per  gallon,  and  its  hardness  from  12°'9  to  16°*8. 

The  first  water  passing  the  gravel  gauge  has  been  found  to  contain 
from  2 9 '40  to  59*36  grains  per  gallon  of  total  solids,  and  to  vary  in 
hardness  from  16°  to  22°,  showing  that  the  larger  amount  of  solid  matter 
contained  in  well  waters  is  derived  from  the  first  three  feet  in  depth. 

Evaporation. 

At  the  same  time  and  place  as  the  percolating  experiments,  experi- 
ments upon  evaporation  from  a  water  surface  were  carried  out  by  the 
author.  A  portion  of  these  results  for  the  thirteen  years  1879-1891^ 
has  already  been  published  by  this  Society,  but  the  whole  series  are  now 
given  for  the  last  thirty  years,  as  it  is  desirable  that  all  the  observations 
should  be  considered  together. 
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Fio.  5. — RainfJEtll  and  Evaporation  from  Exposed  and  Floating  Evaporators— Yearly  Totals. 

The  standard  form  of  evaporator  used  for  determining  the  evapora- 
tion was  a  floating  copper  vessel  1  ft  in  diameter,  supported  by  a  life- 
buoy ring  connected  by  Jour  arms  with  the  evaporating  vessel,  the  whole 

^  (^uarteriy  Journal^  vol.  18,  p.  53. 
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being  floated  in  a  tank  4  ft.  internal  diameter  containing  about  3  ft. 
depth  of  water. 

The  author  has  also  at  the  same  time  and  place  carried  on  evapora- 
tion experiments  with  the  old  form  of  evaporator  thoroughly  exposed 
to  the  air,  and  standing  in  the  open  on  an  iron  pedestal,  so  as  to  be  able 
to  compare  the  evaporation  from  the  floating  evaporator  with  that 
which  was  formerly  used  for  the  purpose  of  determining  the  amount  of 
evaporation  taking  place  from  a  water  surface.  The  observations  have 
been  taken  daily,  and  the  temperature  of  the  water  in  the  floating 
evaporator  has  also  been  taken  every  day  at  9  a.m.  and  sometimes  at 
other  periods  of  the  day. 
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Fio.  6.— Rainfall  and  Evaporation  from  Exposed  and  Floating  Evaporators—Monthly  Means. 

The  quality  of  the  water  used  in  evaporation  experiments  has  been 
shown  to  affect  the  amount  of  evaporation,  being  very  much  less  with 
sea  water  than  with  fresh  water.  In  the  evaporation  experiments 
conducted  by  the  author,  the  evaporators  have  always  been  filled  with 
rain  water. 

Table  V.  gives  the  monthly  totals  of  evaporation  taking  place  from 
the  floating  evaporator. 

Table  YI.  shows  the  monthly  amount  of  condensation  taking  place  in 
the  floating  evaporator. 

Table  VII.  gives  the  monthly  totals  of  evaporation  taking  place  from  a 
fully  exposed  evaporator  in  the  open  air. 

Table  YIII.  is  a  table  which  gives  the  annual  amount  of  rain, 
evaporation,  condensation,  the  temperature  of  the  water  of  the  floating 
evaporator  and  the  temperature  of  the  dew-point  at  9  a.m.  each  year, 
and  the  number  of  days  each  year  when  '20  in.  or  more  of  water  was 
evaporated  from  the  floating  evaporator. 

The  average  amount  of  evaporation  taking  place  for  the  last  30  years 
from  the  floating  evaporator,  as  will  be  seen  by  the  accompanying  tables, 
was  18*137  ins.  The  average  annual  amount  of  condensation  measured  in 
these  30  years  has  been  '359  in.,  and  the  evaporation  taking  place  from 
the  fully  exposed  evaporator  33*850  ins. 

It  was  pointed  out  in  the  author's  address  of  1892  that  in  all 
probability  there  is  an  error  even  in  the  floating  evaporator  which  would 
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not  occur  possibly  in  nature,  due  to  the  water  being  drawn  up  the  sides 
of  the  evaporator  by  capillarity,  and  so  producing  a  larger  amount  of 
evaporation  than  really  occurs  in  nature.  On  the  other  hand,  there  is 
an  error  due  to  the  checking  of  the  evaporators  by  the  rain-gauge,  as  the 
rain-gauge  does  not  record  that  portion  of  water  which  is  used  in 
wetting  the  surface  of  the  gauge,  but  which  is  measured  on  the  surface 
of  the  water  of  the  evaporator. 


TABLE  VIII.— Evaporation  Records 

TAKEN  AT 

Croydon. 

Number  of 

Temperatures 

Evaporation, 

Floating 
Evaporator. 

days  with 

Evaporation, 

at  9 

a.m. 

Year. 

Rainfall. 

•ao  or  more 
Evaporat- 

Condensa- 
tion. 

Exposed 
Evaporator. 

Water, 

ing. 

Floating 
Evaporator. 

Dew-point. 

ins. 

ins. 

ins. 

ins. 

1879 

30-890 

15-015 

Dil 

-585 

30-605 

46'.  14 

42*'-8o 

1880 

30-565 

20.775 

3 

•460 

37-335 

49.14 
48-63 

44-18 

1881 

25.665 

22.405 

13 

.245 

42-935 

42-99 

1882 

26-490 

20.390 

I 

-385 

39-420 

49-37 

44-68 

1883 

24.150 

21.540 
22.§55 

7 

•230 

42215 

4927 

43-55 

1884 

19.770 

7 

.250 

47530 

50-01 

44-63 

1885 

26615 

21.775 

10 

•415 

44-025 

48-09 

42.41 

1886 

26.955 

19.340 

3 

-220 

39.920 

48.79 

4309 

1887 

22-960 

21-875 

16 

.180 

39-955 

47-75 

41-29 

1888 

27-735 

15-525 

I8-I5I 

2 

-315 

30-130 

47-91 

42-61 

1889 

25.285 

3 

•275 

37-755 

49.20 

43-99 

1890 

23-610 

20.370 

I 

.115 

35-055 

47-88 

43-44 

1891 

30545 

19-315 

nil 

-325 

29-535 

47-43 

43-66 

1892 

25-135 

20-120 

4 

.170 

34-345 

47-71 

42-02 

1893 

19-775 

17-800 

3 

1295 

37-1 10 

51-52 

44.65 

1894 

31-410 

12-695 

nil 

1095 

28.305 

51.26 

44-50 

1895 

21. 115 

15.285 

I 

-375 

31-590 

50-38 

43-50 

1896 

26-040 

16.685 

2 

•430 

29.775 

5109 

44-47 

1897 

23-955 

17-270 

2 

-340 

31-380 

51-57 

44.72 

1898 

20-400 

16-490 

nil 

•no 

28-070 

51.19 

45-57 

1899 

23-370 

18.875 

2 

•095 

32-200 

50-30 

44-47 

1900 

25260 

i6-i6o 

nil 

-655 

29-445 

50-64 

44-73 

1901 

21-935 

16.685 

4 

•434 

29-955 

4929 

43-44 

1902 

20-665 

14-935 

nil 

•200 

24-845 

49-33 

4376 

1903 

38-735 

16*020 

I 

.165 

26.960 

5055 

45-15 

1904 

22-555 

15-435 

I 

•230 

26-410 

49-72 

44-33 

1905 

24.170 

15-385 

nil 

-205 

28.590 

49-47 

44.15 

1906 

25815 

15-950 

I 

•155 

31-515 

5043 
50-38 

4431 

1907 

25-305 

20-II0 

nil 

-155 

34-485 

43-92 

1908 

26.815 

18.875 

5 

.660 

34-100 

5062 

45-06 

Totals 

763690 

544-106 

92 

10-769 

1015.495 

1485.06 

131607 

Average 

25-456 

18-137 

3-07 

•3589 

33-850 

49-50 

43-87 

30  years 

Upon  mature  consideration,  having  regard  to  both  these  errors,  the 
author  is  of  opinion  that  one  error  will  balance  the  other,  and  that  the 
amount  of  evaporation  given  by  the  floating  evaporator  correctly 
represents  what  actually  ta^es  place  from  a  water  surface.  The  author 
may  say,  in  confirmation  of  his  opinion,  that  the  actual  result  of 
evaporation  differs  but  very  little  from  the  actual  amount  of  water 
falling  as  rain,  and  flowing  off  from  the  chalk  drainage  area  immediately 
adjoining  Croydon  known  as  the  drainage  area  to  the  Croydon  branch  of 
the  River  Wandle. 
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It  will  be  observed  from  Table  VIII.  that  in  the  30  years  of  observation 
'2  in.  or  more  of  the  water  was  evaporated  in  one  day  on  92  out  of 
10,957  days,  or  *84  per  cent  of  the  whole  number  of  days.  With 
regard  to  large  evaporations  there  are  two  days  only  when  as  much  as 
*29  in.  was  evaporated,  and  one  day  when  *295  in.  was  evaporated. 
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Fia.  7. — Condensatioii  by  Floating  Evaporator — Monthly  Meana. 

June  4,  1881. — '29  in.  water  evaporated.  The  horizontal  move- 
ment of  the  air  at  Greenwich  on  this  day  was  300  miles ;  temperature 
of  the  dew-point  9  a.m.  52°0,  water  66"*%  air  at  9  a.m.  69'^'2  ;  maximum 
day  temperature  in  shade,  79'''3 ;  tensional  difference  9  a.m. — ^water 
•660  in.,  dew-point  -388  in.  =  '262  in.     No  rain. 
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Fio.  8. — ^Temperatnre  of  the  Dew-point,  and  Temperature  of  the  Water  in  the 
Floating  Evaporator — Monthly  Means. 

JwM  21,  1887. — '29  in.  evaporated.  The  horizontal  movement  of 
the  air  at  Greenwich  this  day  was  362  miles;  temperature  of  dew-point 
9  a.m.  47°-l ;  temperature — water  65°*2,  air  9  a.m.  63°*5 ;  maximum 
day  temperature  in  shade,  72°'l ;  tensional  difference — water  '622  in., 
dew-point  '324  in.  =  '298  in.     No  rain. 

JwM  4,  1908. — '296  in.  water  recorded  as  evaporated.  Temperature 
of  dew-point  9  a.m.  62^*9.  The  mean  of  the  maximum  and  minimum 
dew-point  for  this  day  was  60°'4.  The  horizontal  movement  of  the  air 
at  Greenwich  this  day  was  268  miles;  temperature  of  water  9  a.m. 
69°'4 ;  temperature  of  air  9  a,m.  69°'5 ;  maximum  temperature  of  day 
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in  shade,  84°-2;  tensional  difference — water  '718  in.,  dew-point  "574 
in.  =  '144  in.     Heavy  rain  and  hail :  1  *235  ins.  fell  in  1  *35  hours. 

With  reference  to  the  last  observations,  the  author  has  every  reason 
to  believe  that  the  whole  of  the  loss  was  not  due  to  true  evaporation,  but 
in  all  probability  was  due  to  the  exceptionally  heavy  rain,  and  that  a 
certain  amount  of  rain  may  have  splashed  out  of  the  evaporator,  which 
would  account  for  this  large  amount  supposed  to  have  been  evaporated 
on  that  day. 

As  a  rule  the  largest  amount  of  evaporation  takes  place  in  the  month 
of  July,  and  the  average  of  these  30  years  was  3 '305  ins.  evaporated  in 
this  month.  The  month  in  the  whole  30  years  which  had  the  greatest 
amount  of  evaporation  was  July  1887,  when  4*96  ins.  were  evaporated. 
The  month  of  least  evaporation  is  December.  On  the  average  *225  in. 
was  evaporated,  but  in  December  1879  there  was  no  evaporation 
whatever. 

Condensation. 

In  the  course  of  these  experiments  on  evaporation  there  have  been 
periods  when  what  has  been  termed  negative  evaporation  has  taken  place 
— really  condensation — and  when  there  is  a  gain  in  the  evaporators.  All 
these  periods  of  condensation  have  been  kept  separate  and  distinct  from 
the  days  when  evaporation  occurred.  As  a  rule  condensation  takes  place 
after  any  sudden  change  of  temperature  from  cold  to  warm,  the  moisture 
in  the  warm  air  condensing  on  the  cold  surface  of  the  water.  This  often 
happens  after  a  frost  and  during  the  period  of  rapid  thaw  when  ice  may 
still  be  floating  on  the  surface  of  the  water,  and  the  air  is  warm  and  full 
of  moisture.  Hence  condensation  takes  place  in  the  winter  months. 
On  the  average  the  largest  amount  of  condensation  has  been  recorded  in 
December  and  the  least  in  July.  The  results  of  condensation  are  given 
in  Tables  VI.  and  VIIL,  and  show  that  the  average  yearly  condensation  is 
'359  in.  The  greatest  yearly  condensation  was  1*295  ins.,  which  occurred 
in  1893,  and  the  least  yearly  condensation  was  '095  in.,  which  occurred 
in  the  year  1899.  The  greatest  monthly  condensation  recorded  was 
•570  in.  in  November  1893,  and  there  are  several  months  in  every  year 
when  no  condensation  takes  place. 

The  largest  daily  amount  of  condensation  which  has  been  recorded 
was  *08  in.  on  December  6,  1903.  There  was  also  the  same  amount  of 
condensation  recorded  on  November  16,  1893,  but  on  that  occasion  there 
had  been  rainfall,  and  no  doubt  some  of  these  condensations  are  the 
result  of  rain,  that  is,  more  rain  being  recorded  on  the  surface  of  the 
evaporator  than  would  be  recorded  by  the  rain-gauge,  owing  to  the  loss 
by  adhesion  of  rain  to  the  gauge ;  hence  many  of  the  records  of  con- 
densation occur  in  the  time  of  rain. 

In  Table  IX.  have  been  brought  together  the  average  monthly 
observations  of  the  30  years  of  rainfall,  percolation,  evaporation,  and 
condensation ;  the  temperature  of  the  water  of  the  floating  evaporator  at 
9  a.m.  and  the  temperature  of  the  dew-point  at  9  a.m.  are  also  given. 

There  are  some  peculiarities  with  regard  to  percolation  which  show 
the  influence  of  vegetation  upon  percolation.  For  example,  it  will  be 
seen  from  the  diagram  that  in  1891  the  rainfall  was  30-545  ins.,  and  the 
percolation  through  the  chalk  gauge  in  that  year  was  19*1856  ins.,  the 
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TABLE  IX.— HoNTHLT  Avbraox  Rainfall,  Pkbcolation,  Etapokatiok,  anp 

COKHSMBATIOK  AT  CrOYDON  FOR  THK  SO  TbABS  1879  TO  1908. 


z 
o 


January 

Febnuiry 

March 

April 

May 

June 

July 

August . 

September 

October 

November 

December 


ins. 

1.849 

1.854 

1-733 
i-6i6 
1806 
2.253 

2299 
2265 
2-007 

2963 
2-6 1 2 
2.199 


1 
4"* 


ins. 
17095 
1.6275 
1.2730 

•5472 
.4045 

•43«7 
.3096 
.3240 
.1686 
.9876 

I-43H 
1.622 1 


ins. 
1*6446 
X.5150 
11546 

•3«93 
.2056 
.3089 
.2881 
.2645 
•1217 
.9567 
1-6811 
18324 


ins. 

•246 

•344 

•936 

1808 

2-698 

3*"6 

3305 

2.679 

1*521 

.825 

.426 

•233 


ins. 
.0608 
0460 
0x80 
<x>40 
-0012 

K)028 

•0003 
.0018 
'OOI8 

•0378 

•0654  i 
.1190 


•743 

•994 

2.189 

3-515 
4-893 
5-261 

5-549 
4658 
2931 
1-554 
-893 
•670 


S?2 


36-15 

36-86 
39-88 
47-34 
55-53 
6216 
65.30 

6338 
57-61 
49-26 
42-79 

37-75 


t     i.S 


111 


34-45 
34-81 

3653 
40-02 

45-31 
5118 
54.48 

54-71 
52-22 

45-75 
4096 
35-93 


Yearly  average 


25.456 


10-8437 


10.3425 


18-137 


3589       33-850 


49.50        43-87 


difference  between  the  rainfall  and  percolation  being  11 '3594  ins.  In  the 
year  1894  the  rainfall  was  greater  than  in  1891,  being  31*410  ins.,  and 
the  percolation  through  the  chalk  gauge  was  considerably  less,  namely, 
16*0093  ins.,  the  difference  between  rainfall  and  percolation  being 
15*4007  ins.  The  reason  for  this  increased  lose  is  entirely  due  to  the 
extra  amount  of  grass  which  was  grown ;  for  in  the  year  1891  2*622  lbs. 
of  grass  were  grown  per  superficial  yard,  whereas  in  1894  3*258  lbs.  of 
grass  were  grown  from  the  same  area.  From  experiments  which  were 
made  by  the  author  some  years  ago  with  reference  to  the  amount  of 
evaporation  which  took  place  from  an  area  of  Italian  rye-grass,  it  was 
found  that  the  evaporation  associated  with  the  growth  of  a  given  amount 
of  grass  was  very  considerable.  For  example,  in  the  first  year  of  growth, 
the  plant  irrigated  every  day  between  June  1870  and  June  1871, 
evaporated  a  depth  of  187*87  ins.,  and  grew  a  crop  of  grass  equal  to  a 
weight  of  25*491  lbs.  per  super,  yard,  or  it  required  7*291  ins.  in  depth 
to  produce  1  lb.  of  grass.  In  the  same  period  of  the  following  years, 
June  1871  to  June  1872,  the  depth  evaporated  was  90*93  ins.,  and  the 
weight  of  grass  grown  on  a  superficial  yard  18*490  lbs.,  and  it  required 
4*971  ins.  in  depth  evaporated  to  produce  1  lb.  of  grass. 

Sometimes  very  large  rainfalls  only  produce  very  small  percolation, 
as  it  will  be  observed  that  in  September  1896  there  were  7  inches  of 
rain,  but  the  amount  which  actually  percolated  in  that  month  was  only 
*7403  in.  In  1882  and  in  1896  the  rainfall  was  just  over  the  average, 
but  the  percolation  in  those  years  was  under  the  average.  In  the  months 
of  July,  August,  and  September  1882  6*31  ins.  of  rain  fell,  but  none  of 
it  passed  through  the  percolating  gauge ;  and  so  it  will  be  observed  that 
in  many  months  together  no  percolation  takes  place,  although  there  has 
been  more  or  less  rain. 
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DISCUSSION. 

Mr.  W.  Marbiott  said  that  Dr.  Mill  had  asked  him  to  express  his  regret 
at  his  inability  to  be  present  at  the  meeting.  Dr.  Mill  would  have  liked  to 
take  part  in  the  discussion,  for  he  had  made  a  study  of  evaporation,  and  had 
taken  a  large  number  of  observations  from  the  evaporation  tank  which  was 
first  used  at  Strathfield  Turgis,  and  afterwards  removed  by  Mr.  Symons  to 
Camden  Square.  The  subject  of  percolation  was  an  interesting  one,  and  there 
were  several  percolation  gauges  in  use.  Mr.  Latham's  observations  were 
extremely  valuable,  not  only  for  the  length  of  time  over  which  they  extended, 
but  also  for  the  information  they  gave  on  a  subject  of  which  very  little  was 
known.  Percolation  gauges  were  used  by  Mr.  Dickinson  at  Nash  Mills  until 
1882,  when  apparently  they  were  removed  by  Sir  John  Evans  to  Apsley  Mills 
in  1883.  Sir  John  Bennet  Lawes  and  Sir  Henry  Gilbert  had  percolation 
gauges  at  Rothamsted,  the  results  from  which  from  1870  to  1899  were  brought 
before  the  Society  in  a  paper  by  Dr.  Scott  in  1900.  Mr.  E.  Mawley  had  two 
percolation  gauges  at  Berkhamsted,  one  with  grass,  the  other  with  bare  soil. 
Mrs.  Lyndon  had  also  a  percolation  gauge  at  Orayshott  on  Hindhead.  At  Apsley 
Mills  three  gauges  were  carried  on,  one  with  chalk,  one  with  sand,  and  the 
third  with  natural  soil,  that  is,  eartii  and  grass.  The  average  percolation  for 
the  twelve  years  1884-1895  for  chalk  was  12*23  ins.,  for  earth  13*07  ins.,  and 
for  sand  16*71  ins.  The  average  yearly  rainfall  for  the  same  period  was 
26*20  ins.  The  percolation  was  greatest  in  the  sand.  At  Rothamsted  in 
ordinary  soil  the  average  percolation  was  14*71  ins.  Mr.  Latham  gave  an 
average  percolation  by  the  chalk  gauge  of  10*84  ins.  and  10*34  ins.  by  the 
gravel  gauge,  therefore  his  percolation  was  much  less.  Mr.  Marriott  also 
referred  to  the  evaporation  observations  carried  out  by  Dr.  Mill  at  Camden 
Square,  by  CoL  Knight  at  Harestock,  by  Major  Bling  at  Isfield,  by  Mr. 
Haworth  at  Wakefield,  and  by  Mr.  Baxendell  at  Downholland,  a  few  miles  from 
Southport.  He  also  exhibited  lantern  slides  illustrating  a  comparison  which 
he  had  made  of  the  amounts  of  evaporation  at  Croydon,  Camden  Square,  and 
Downholland.  These  showed  that  the  records  from  Croydon  and  Camden 
Square  agreed  very  closely  between  1893  and  1906,  but  that  previous  to  1893 
and  also  after  1906  the  Croydon  values  were  higher  than  those  at  Camden 
Square.  These  differences  Mr.  Marriott  thought  were  due  to  the  removal  of 
the  gauge  at  Croydon  from  one  place  to  another,  and  tended  to  show  that  the 
results  were  not  uniform  throughout  the  series.  At  Downholland  the  curve 
followed  pretty  much  the  same  course  as  that  at  Camden  Square,  but  the 
evaporation  was  greater.  This  he  believed  was  due  to  the  larger  amount  of 
wind  passing  over  the  gauge,  as  it  was  placed  in  marshy  land  and  had  a  very 
open  exposure.  He  believed  that  the  chief  factors  influencing  evaporation  were 
the  dryness  of  the  air,  the  temperature  of  the  water,  and  the  wind. 

Mr.  C.  Salteb  said  that  observations  of  evaporation  from  an  exposed  water 
surface  had  been  carried  on  at  Camden  Square  for  a  quarter  of  a  century. 
During  the  last  three  years  Dr.  Mill  had  been  experimenting  with  the  object  of 
ascertaining  the  relation  of  evaporation  measurements  to  other  meteorological 
elements.  Curves  had  been  drawn  for  the  purpose  of  expressing  this  relation. 
In  order  to  find  the  effect  of  wind  on  evaporation,  a  Robinson  anemometer  was 
set  up  with  the  cups  18  inches  above  the  water.  The  results  seemed  to  indi- 
cate that  wind  movement  had  but  little  effect  upon  the  amount  evaporated,  the 
curves  bearing  no  apparent  relation,  but  a  parallelism  was  shown  between  the 
curves  of  sunshine  and  maximum  temperature,  and  those  of  evaporation 
during  the  summer  months.  The  evaporation  was  more  closely  related  to 
shade  temperature  in  winter.      It  was  remarkable  that  more  meteorologists 
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had  not  followed  Mr.  Latham's  great  lead  in  the  matter  of  obaervationB  of 
evaporation  and  percolation,  in  view  of  the  great  practical  bearing  of  this 
information  upon  questions  of  water-supply.  What  it  was  desirable  to  find  oat 
was  what  proportion  of  the  rainfall  was  in  nature  actually  lost  by  evaporation 
to  the  air,  and  what  proportion  absorbed  by  the  soil  to  feed  the  streams  and 
wells.  The  observations  so  far  in  some  measure  failed  to  indicate  this.  A 
percolation  gauge  in  summer  might  sometimes  dry  up,  but  probably  evaporation 
was  always  taking  place  from  Uie  soil  because  of  the  moisture  drawn  up  from 
the  almost  inexhaustible  supply  below  the  ground.  Evaporation  measurements 
from  a  water  surface,  on  the  other  hand,  would  probably  give  an  unduly  high 
value,  because  although  evaporation  could  always  take  place  from  the  ground, 
when  the  surface  was  parched  the  amount  of  water  passing  into  the  air  could 
not  be  so  great  as  from  a  free  water  surfiftce.  The  true  evaporation  value  must 
therefore  lie  somewhere  between  the  results  obtained  by  the  actual  measurements 
made  in  the  evaporation  tank  and  the  results  by  difference  from  the  percolation 
gauges.  The  tank,  however,  takes  no  account  of  the  effect  of  vegetation  in 
promoting  evaporation,  a  subject  which  deserves  a  special  investigation. 

Mr.  W.  H.  DiNBS  said  that,  notwithstanding  the  excellent  authority  that 
had  been  given,  he  could  not  agree  with  the  statement  that  wind  was  an 
unimportant  factor.  His  father  had  made  many  observations  on  evaporation, 
and  he  recollected  quite  well  that  his  opinion  was  that  wind  was  important. 
Also  it  was  a  matter  of  common  observation  that  the  part  of  a  garden  or  road 
that  was  wind-ewept  would  soon  dry,  but  that  a  sheltered  part  would  remain 
damp.  Neither  did  he  think  that  the  explanation  of  the  discrepancy  was  far 
to  seek.  Firstly,  there  was  most  wind  in  winter  when  all  the  other  factors  were 
opposed  to  evaporation ;  secondly,  in  summer  windy  days  were  often  damp  and 
cloudy  days,  so  that  the  existence  of  wind  would  in  general  go  with  a  high 
relative  humidity  and  a  low  temperature  of  the  water,  and  these  latter  elements 
would  mask  the  very  fiEivourable  influence  that  wind  had  when  the  other  con- 
ditions were  also  feivourable.  Probably  it  was  the  differences  in  the  exposures 
of  the  evaporating  tanks  that  produced  the  differences  in  the  amounts  recorded 
at  various  places. 

Mr.  J.  E.  Clark  said  that  the  winds  varied  with  the  quantity  of  rain.  A 
South-west  wind  was  not  only  the  strongest  but  the  moistest  The  fact  that 
during  the  earlier  part  of  the  autumn  the  evaporation  tanks  were  sheltered  by 
trees,  would  make  a  very  great  difference,  owing  to  the  drying  effect  the  wind 
had.  He  could  speak  from  experience,  as  he  resided  on  the  very  Riddlesdown 
whence  the  chalk  percolator  had  come,  where  the  north-east  slope  of  the  ground 
exposed  it  to  the  driest  wind,  and  sheltered  it  from  the  othera 

Mr.  F.  C.  Batabd  inquired  how  Mr.  Latham  measured  the  evaporation 
while  the  gauge  was  frozen,  and  if  these  measurements  were  put  down  to  the 
following  month.  Mr.  Latham  described  his  evaporator  as  being  in  the  middle 
of  a  large  tank,  and  he,  Mr.  Bayard,  would  like  to  know  how  the  readings 
were  taken  of  the  evaporator.  Of  the  two  percolation  gauges,  apparently  there 
was  a  greater  percolation  through  the  chalk  than  through  the  gravel ;  but  he 
noticed  that  in  different  months  the  percolation  was  more  through  gravel  than 
chalk.  He  did  not  know  whether  this  was  because  the  chalk  was  closer,  and 
it  took  longer  for  the  water  to  percolate  through. 

Dr:  W.  N.  Sha,w  said  that  it  would  be  desirable  to  have  some  more  definite 
understanding  on  the  merits  of  the  term  "  evaporation."  At  present  it  might 
mean  diffei'ent  things  for  different  people,  according  to  the  conditions  under 
which  the  water  passed  into  the  air.  There  must  be  some  equation  between 
the  amount  of  water  falling  upon  a  percolation  gauge  and  the  amount  disposed 
of  in  various  ways.  It  was  clear  that  what  did  not  run  away  must  be  otherwise 
disposed  of.     Was  the  amount  of  evaporation  that  which  must  be  added  to  the 
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percolation  in  order  to  give  the  total  rainfall  ?  If  so,  what  kind  of  Burface, 
shallow  water  surface,  deep  water  surface,  soil,  or  vegetation,  must  there  be  in 
order  that  the  two  should  make  up  the  total  raiufall  ?  Thirty  years  ago  he 
made  a  number  of  observations  in  order  to  compare  different  forms  of  evapori- 
meters,  but  comparison  was  impossible,  because  the  conditions  of  evaporation 
were  different  in  different  instruments.  The  Society  was  indebted  to  Mr. 
Latham  for  an  admirable  paper  on  an  interesting  subject. 

Mr.  J.  HoPEiNSON  said  that  Mr.  Latham's  experiments  on  percolation  and 
evaporation  were  more  complete  than  any  which  had  hitherto  been  made,  for 
they  had  not  before  had  the  weight  of  grass  grown,  nor  the  amount  of  con- 
densation, the  record  of  which  he  thought  might  have  an  important  bearing  on 
the  study  of  dew-ponds.  Comparisons  with  other  experiments  were  valueless 
without  the  conditions  under  which  they  were  carried  oat  being  stated.  The 
percolation  at  Croydon  was  greater  than  had  been  recorded  at  Lea  Bridge  and 
Nash  Mills,  which  he  thought  might  be  due  to  the  soil  not  getting  thoroughly 
consolidated  owing  to  the  frequent  moving  of  the  gauges.  It  was  less  than  at 
Rothamsted,  where  the  gauges  were  built  round  undisturbed  soil,  because  there 
the  surface  of  the  soil  was  kept  free  from  vegetation  by  being  frequently  hoed. 
Mr.  Mawley  had  published  the  results^of  his  earlier  experiments  on  percolation 
at  Berkhamsted,^  but  had  since  altered  his  two  gauges,  growing  grass  on  one 
and  not  on  the  other,  and  he  had  been  astonished  to  find  how  greatly  vegetation 
reduces  the  amount  of  percolation.  After  the  Nash  Mills  gauges  were  removed 
to  a  more  exposed  situation  near  Apeley  Mills,  the  amount  of  percolation  in 
relation  to  the  rainfall  had  increased,  but  he  had  seen  the  two  gauges  there 
almost  bare  of  grass  in  dry  weather  in  the  summer  and  autumn,  while  there 
was  plenty  of  grass  growing  round  them ;  doubtless  because  none  of  the  rain 
which  sank  through  the  three  feet  of  soil,  tlien  being  collected,  could  get  back 
again  and  rise  to  the  surface  to  nourish  the  grass,  and  this  might  also  be  the 
case  with  the  author's  gaugea  There  could  be  no  doubt  of  the  drying  effect  of 
wind  when  the  air  was  fairly  dry,  a  strong  wind  often  having  more  effect 
than  a  hot  sun  in  drying  a  muddy  road. 

The  President  said  that  he  wished  to  express  to  Mr.  Latham  their  great 
obligation  to  him  for  collecting  these  results^  putting  them  together,  and  dis- 
cussing them.  The  subject  was  of  increasing  importance  because  of  its  influence 
on  the  water-supply  of  the  country.  He  would  like  to  ask  Mr.  Latham  as  to 
the  diminution  of  evaporation  from  the  gauges  owing  to  their  want  of  depth. 
Of  the  three  gauges  at  Rothamsted  at  20,  40,  and  60  ins.  deep,  the  results 
obtained  at  20  and  60  inches  were  practically  identical.  At  Rothamsted  there 
was  an  increase  in  the  amount  of  percolation  since  the  gauges  were  started,  and 
they  had  evidently  got  into  a  different  condition  from  that  of  thirty  years  ago.^ 
He  would  be  glad  to  know  whether  Mr.  Latham  had  noticed  any  progressive 
change  in  his  gauges.  He  also  inquired  why  the  evaporation  should  not  have 
been  measured  for  the  whole  tank  instead  of  in  the  smaller  floating  one. 

Mr.  K  Lathah  in  reply  said  : — ^With  reference  to  the  remarks  which  have 
been  made  upon  the  paper,  I  do  not  consider  it  any  detriment  that  the  stations 
have  been  moved  from  time  to  time,  during  the  30  years  in  which  the  observa- 
tions have  been  carried  on,  as  it  tends  to  equalise  the  effects,  and  shows  the 
influence  of  elevation  at  the  stations. 

With  regard  to  the  form  of  evaporator  which  has  been  used,  I  consider  this 
floating  evaporator  is  infinitely  superior  to  a  tank  of  moderate  size ;  first,  on 
the  ground  that  it  is  not  liable  to  lose  its  shape  and  contents  by  frost,  as  the 
expansive  force  of  frost  on  a  tank  is  very  considerable,  and  an  ordinary  square 

^  ''The  Percolation  of  Rain  through  comparatively  Light  and  throagh  comparatiTely 
Heavy  Soil,"  Traru.  Herts,  Nat,  Hist,  Soc.,  1891,  voL  vi  p.  176. 
>  See  Dr.  R  J.  Rnasell  in  Journal  of  AgricuUwral  Scimee,  n.  29. 
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tank  will  very  eoon  alter  its  capacity  under  the  influence  of  severe  froet,  nnleas 
the  ice  is  kept  constantly  broken.  With  the  floating  evaporator  the  ice  fonos 
inside  the  evaporator,  and  at  the  same  time  outside  the  evaporator,  so  that  the 
frost  within  the  evaporator  is  counteracted  by  the  froet  outside,  and  thus  no  change 
takes  place  in  the  form  of  the  evaporator.  Then  again  there  is  always  the  danger 
of  losing  water  by  means  of  animals  and  birds  drinking  from  it  This  is  not 
the  case  with  the  floating  evaporator,  as  every  facility  is  given  for  birds  to  drink 
in  the  outer  part  of  the  tank,  and  consequently  they  leave  the  evaporator  alone; 

The  mode  of  measurement  of  the  evaporator  is  by  means  of  a  hooked  gauge, 
with  which  it  is  measured  with  the  greatest  accuracy.  With  reference  to 
what  happens  in  time  of  frost,  if  it  should  happen,  which  it  has  done,  that  a 
frost  occurs  near  the  end  of  one  month  and  the  beginning  of  the  next  month, 
the  evaporators  are  left  alone  until  the  ice  has  disappeared,  and  whatever  has 
happened  from  the  last  measurement  to  the  first  measurement  after  the  frost,  is 
ascertained  and  divided  out  to  each  month  in  proportion  to  the  number  of  days 
due  to  each  month. 

With  the  exposed  evaporators  in  use,  very  great  trouble  is  experienced  in 
the  winter-time,  and  they  often  burst,  and  we  have  to  have  relays  of  them  in 
order  to  continue  the  observations  during  the  winter ;  but,  as  a  rule,  this 
evaporator  is  taken  into  a  cool  house  in  time  of  frost,  so  as  to  get  as  much  as 
possible  out  of  its  influence. 
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With  reference  to  the  question  of  wind  there  are,  no  doubt,  certain  times 
when  wind  does  luiTe  some  effect  upon  evaporation,  but  the  influences  are  not 
so  considerable  as  many  persons  imagine.  At  the  author's  stations  there  were 
no  convenient  places  for  recording  the  velocity  of  the  wind,  and  therefore  he 
has  always  taken  the  Greenwich  record  as  being  sufficiently  near  for  the  purpose 
of  ascertaining  the  relative  influence  of  wind ;  and  he  has  had  got  out  for  the  last 
ten  years  a  table  which  shows  on  the  average  the  amount  of  evaporation  which 
has  taken  place  each  month,  the  horizontal  movement  of  the  air  at  Greenwich 
in  miles  per  hour  each  month,  and  the  yearly  average.  From  the  Table  it  will 
be  seen  that  the  greatest  amount  of  evaporation  took  place  in  1907,  equal  to 
20*110  ins.,  while  the  average  velocity  of  the  wind  in  that  year  was  but  11*8 
miles  per  hour,  or  under  the  average. 

It  will  be  noted  that  we  have  the  least  wind  on  the  average  when  we 
have  the  greatest  evaporation,  but  this  does  not  show  that  wind  has  no  effect 
upon  evaporation,  but  that  the  temperature  has  a  considerably  greater  effect, 
and  that  when  the  dew-point  is  taken  into  consideration  in  connection  with 
evaporation  it  should  be  borne  in  mind  that  the  tensional  difference  is  often 
influenced  by  the  effect  of  wind,  and  therefore  it  is  a  measure  of  the  influence 
of  wind  upon  evaporation. 

With  reference  to  the  quantity  of  water  evaporated  from  the  ground,  there 
is  no  doubt,  that  owing  to  the  temperature  of  underground  water,  which  in 
winter  has  a  much  higher  temperature  than  surface  water,  and  that  at  other 
periods  of  the  year  the  temperature  of  the  underground  water  is  greater  than 
the  temperature  at  some  distance  below  the  surface  of  the  ground,  considerable 
quantities  of  water  are  brought  up  from  the  subsoil  water  by  evaporation,  and 
often  condensed  near  the  surface  where  the  ground  is  of  a  cooler  temperature, 
as  the  temperature  of  the  ground  varies  at  different  depths  at  every  period  of 
the  year.  It  has  been  ascertained  beyond  doubt,  by  the  gaugings  of  chalk 
streams  in  the  neighbourhood,  that  the  actual  flow  of  water  off  the  ground  bears 
a  somewhat  less  proportion  to  the  rainfall  than  is  indicated  by  the  percolation 
gauges. 


The  Recording  of  Rainfall. 

Dr.  H.  R.  Mill,  in  a  lecture  on  "  The  Measurement  of  Rainfall,"  which  he 
delivered  before  the  Association  of  Water  Engineers,  made  some  remarks  about 
the  recording  of  rain.  He  said,  **  So  far  as  I  am  concerned  the  recording  of 
rain  is  of  greater  importance  than  the  measurement,  because  good  measurements 
may  be  spoilt  by  bad  records.  I  am  happy  to  say  that  most  of  the  thousands 
of  rainfall  recoids  I  receive  are  nearly  perfect  as  regards  neatness  and  legibility. 
The  points  of  perfection  are,  first,  that  the  amount  of  rain  is  put  down  beside 
the  proper  date.  That  is  one  of  the  most  serious  difficulties.  People  measure 
the  rainfall,  or  ought  to  measure  it,  at  9  o'clock  in  the  morning,  and  they 
are  apt  to  put  it  down  for  the  morning  on  which  it  was  measured.  You 
will  see  that  only  a  small  portion  of  the  rain  on  an  average  can  have 
fallen  that  morning ;  most  of  it  is  for  the  day  before.  The  rule  is  to  put  it 
down  to  the  day  before  the  one  on  which  the  reading  is  taken,  and  as  most 
people  conform  to  this  rule  the  c^ses  in  which  it  is  neglected  can  usually  be 
detected  ;  but  if  not  detected  a  wet  day  may  disturb  the  relative  fall  of  two 
months  or  even  of  two  years.  Another  thing  is  the  redundancy  of  figures. 
Some  people  put '  0*00 '  on  days  when  no  rain  fell,  and  so  fill  up  the  sheet 
unnecessarily.  An  extra  cipher  is  not  only  of  no  use ;  it  may  be  mistaken 
for  a  6,  and  I  have  had  cases  of  *06,  '60,  or  even  '66  being  copied  from  the 
*  O'OO  *  of  a  careless  scribe.     A  dot  or  short  stroke  is  the  best  way  of  indicating 
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a  lainleas  day.  The  second  thing  is  that  the  reading  ahould  always  be  given  to 
two  places  of  decimals  ;  the  third  place  is  unnecessary,  because  the  instrament 
is  not  accurate  enough  to  show  lOOOths  of  an  inch  with  certainty.  Some 
conscientious  observers  write  the  word  *  nil '  when  there  is  no  rain,  and  this 
makes  it  troublesome  to  add  up  the  column. 

'*  The  great  secret  in  recording  is  to  make  such  records  aa  will  give  the  smallest 
number  of  opportunities  for  mistakes ;  but  mistakes,  such  as  every  one  makes 
occasionally,  will  occur,  though  this  is  a  point  I  have  found  most  difficult  to 
bring  to  the  minds  of  foremen  in  charge  of  works ;  nothing  will  ever  induce 
some  men  of  that  class  to  acknowledge  that  a  mistake  has  been  made,  becauae 
he  knows  that  no  one  is  absolutely  perfect.  It  does  not  make  an  error  any 
better  to  stick  to  it,  though  this  is  often  done.  On  one  occasion  in  the  lifetime 
of  the  late  Queen  Mr.  Symons  convicted  an  observer  of  having  made  a  mistake. 
The  observer  acknowledged  it ;  but  he  would  not  allow  it  to  be  rectified  because 
the  figures  had  been  submitted  to  Her  Majesty ! 

"  Some  records  show  quite  plainly  that  the  observer  has  not  been  conscientious 
in  visiting  the  rain-gauge  daily.  A  record  which  shows  50  or  100  fewer  days 
with  rain  than  other  records  in  the  neighbourhood  is  simply  not  true  as  regards 
rain  days  ;  and  we  know  it  perfectly  well  when  we  see  it,  but  it  may  be  correct 
as  regards  total  quantity.  There  are  a  great  many  other  mistakes  which  we 
can  detect,  and  experience  makes  some  of  these  very  easy  to  find,  but  sometimes 
difficult  cases  arise.  I  have  found  on  more  than  one  occasion  when  a  record  is 
kept  by  an  illiterate  man  we  are  able  to  make  a  good  account  of  it,  knowing 
the  pitfalls  to  avoid ;  but  we  have  sometimes  had  great  difficulty  in  dealing 
with  very  neat  copies  of  similar  records  made  by  a  clerk  ignorant  of  the  errors 
and  inconsistencies  likely  to  occur. 

'^  It  is  most  important  to  have  a  full  daily  record  when  errors  have  to  be 
looked  for ;  but  it  is  a  convenience  to  have  this  supplemented  by  a  summary 
giving  the  monthly  totals  and  the  fall  of  the  wettest  day  in  each  month,  because 
that  forma  an  independent  check  on  the  total  of  daily  readings.  Supposing  an 
observer  gets  1^  inches  of  rain,  he  measures  it  in  a  ^-inch  glass,  and  perhape 
forgets  whether  he  has  filled  and  emptied  the  glass  three  times  or  four,  or  two, 
and  so  may  make  a  mistake  of  a  |  inch  or  more.  This  can  usually  be  detected 
by  comparing  several  neighbouring  returns.  In  order  to  reduce  the  risk  of  this 
very  common  error  I  have  endeavoured  to  x>er8uade  manufacturers  to  graduate 
the  bottles  placed  inside  the  rain-gauge  as  well  as  the  glass,  so  that  one  can  read 
off  the  bottle  the  number  of  ^  inches,  and  then  measure  exactly  to  lOOths  of  an 
inch  by  the  glass.  Generally^  speaking,  rainfall  observers  are  conscientious  and 
accurate,  the  careless  or  dishonest  observer  is  the  exception  ;  and  so  when  there 
is  a  sufficient  number  of  observers'  in  a  small  area  any  serious  mistake  made  by 
one  in  his  records  will  be  out  of  harmony  with  those  surrounding.  When  we 
get  (say)  a  very  low  rainfall  reported  from  a  point  surrounded  by  higher  values, 
we  can  be  pretty  sure  that  there  is  something  wrong.  Every  month  I  prepare 
a  map  of  the  rainfall  of  the  British  Isles  from  about  1000  returns,  and  the 
mere  placing  of  the  figures  on  the  map  subjects  them  to  considerable  tests,  and 
frequently  enables  us  to  detect  cases  of  error." 
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THE  METEOROLOGICAL  CONDITIONS  IN  THE  PHILIPPINE 
ISLANDS,  1908. 

By  Rev.  JOS^  ALGUfi,  S.J.,  Hon.Mem.R.Met.Soc. 
Director,  Philippine  Weather  Bareau,  Manila  Observatory. 

[Read  April  21, 1909.] 

The  general  impression  left  by  the  year  which  closed  on  December  31, 
1908,  was  that  it  was  one  of  extraordinary  meteorological  conditions  and 
events.  Extraordinary  have  been  the  floods,  and  extremely  severe  and 
frequent  the  cyclonic  storms  that  have  passed  over  or  exerted  their 
influence  on  the  Archipelago.  The  island  of  Luzon  has  been  the  one 
that  suffered  most  from  inundation  and  cyclone,  yet,  with  the  exception 
of  Mindanao,  Bohol,  and  adjacent  islets,  there  has  been  no  island  that  has 
not  been  visited  more  or  less  severely  by  heavy  winds  and  cyclonic  rains, 
and  experienced  the  consequent  floods  and  devastations. 

These  cyclonic  tempests  and  inundations  suppose  an  alteration  in 
nearly  all  the  meteorological  elements.  For  this  reason,  it  will  not  prove 
uninteresting  to  study  briefly  the  amount  of  change  experienced  in 
different  localities  of  the  Archipelago,  in  order  to  obtain  some  idea  of  the 
characteristics  peculiar  to  this  year  in  a  meteorological  sense.  We  will 
fix  our  attention  in  a  special  manner  on  Manila,  where  these  elements 
have  been  observed  more  closely,  and  because  the  capital  was  located 
almost  in  the  centre  of  the  zone  comprising  Luzon  and  the  northern 
Visayas,  zones  most  severely  visited,  our  observations  will  indicate  better 
and  more  imiversally  these  characteristics. 

We  will  consider  principally  the  alterations  in  the  atmospheric 
pressure  and  precipitation,  since  these  elements  are  more  nearly  related 
to  storms  and  floods.  The  other  elements,  although  very  important  for 
a  study  of  the  climate,  we  will  take  into  account  only  in  so  far  as  they 
help  us  to  understand  the  meteorological  physiognomy,  if  I  may  be  allowed 
such  an  expression,  of  the  year  1908. 

January. — The  atmospheric  pressure  was  somewhat  greater  than  the 
normal  throughout  the  Archipelago.  In  Manila  the  monthly  mean 
showed  a  difference  of  +  0*94  mm.  [  +  "037  in.]  from  the  normal  mean 
for  January — the  average  for  the  past  twenty-four  years,  which  is  given 
as  761*16  mm.  [29*967  ins.].  In  general,  the  normal  was  exceeded  in  the 
whole  Archipelago,  and  the  month  was  free  from  atmospheric  depressions. 
The  other  elements  did  not  show  any  great  differences  from  the  preceding 
year. 

February, — Although  the  Archipelago  was  not  affected  by  any  im- 
portant depressions,  nevertheless  the  atmospheric  pressure  was  every- 
where lower  than  the  normal  of  this  month,  and  in  Manila  the  mean 
for  the  month  was  less  by  1*59  mm.  [063  in.]  from  that  of  761*39  mm. 
[29*977  ins.],  the  normal  for  February.  As  an  effect  of  the  low 
atmospheric  pressure  the  stations  of  Luzon  reported  a  larger  amount  of 
rainfall  than  the  average ;  while  in  the  Visayas,  in  spite  of  the  contrary 
effects  of  the  North-east  monsoon,  the  precipitation  was  a  little  less  than 
in   February  of   other  years.     The  temperature  showed  no  very  great 
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change  from  preceding  years,  but  was  a  little  lower  in  Manila  and  some 
other  points. 

March  and  April, — The  mean  pressure  for  March  was  a  little  below 
the  normal,  owing  to  the  influence  exerted  by  two  depressions,  one  in 
Luzon  and  the  other  in  the  southern  islands.  This  slight  difference  was 
general  throughout  the  Archipelago.  Likewise  in  all  the  districts  the 
precipitation  was  rather  heavier  than  in  the  preceding  year,  and  even 
than  the  normal.  The  elements  in  Manila  were  more  normal  during  the 
month  of  April,  and  in  spite  of  the  fact  that  in  nearly  all  parts  of  the 
Archipelago  the  atmospheric  pressure  was  less  than  the  average,  still 
everywhere  temperatures  a  little  higher  than  the  means  were  registered. 
The  rainfall  was  very  unequally  distributed,  for,  while  in  Manila, 
Corregidor,  and  Batangas  not  one  drop  of  rain  fell  during  the  entire 
month,  in  other  islands  and  in  other  parts  of  Luzon  the  precipitation 
exceeded  the  normal. 

May, — The  first  three  weeks  of  this  month  were  nearly  normal ; 
nevertheless,  on  account  of  the  widespread  influence  of  a  cyclonic  centre 
in  the  China  Sea  during  the  last  days  of  the  month,  the  weather  in  the 
Archipelago,  and  especially  in  the  island  of  Luzon,  was  extraordinary  and 
exceptional,  so  that  the  mean  atmospheric  pressure  of  the  month  through- 
out the  islands  was  less  than  the  normal  pressure.  The  quantity  of 
rainfall  was  greater  than  the  average,  particularly  in  the  north-west  of 
Luzon  and  along  the  western  coasts  of  this  island,  with  the  result  that 
the  precipitation  of  this  month  in  Manila  exceeded  the  normal  by  366  mm. 
[14*41  ins.]  and  was  the  greatest  quantity  recorded  for  this  city  in  the 
month  of  May  since  the  foundation  of  the  Observatory  in  1 865. 

This  typhoon  was  formed  in  the  China  Sea  near  parallel  15°  and 
meridian  113''  east  of  Greenwich,  and  remained  almost  stationary  from  the 
23rd  to  the  26th.  It  passed  the  meridian  115^  to  the  west  of  Cape 
Bolinao,  moving  almost  north-east-by-east,  and  threatening  to  cross  the 
north-western  extremity  of  Luzon.  On  the  28th  the  vortex  came  nearest 
to  Cape  Bojeador,  and  made  a  slight  inclination  to  the  east  after  having 
crossed  the  1 20th  meridian,  and  subsequently  passed  over  the  Babuyan 
Islands  and  the  Balintang  Channel.  The  winds  were  of  hurricane  force 
in  Yigan  from  early  in  the  morning  till  mid-day  of  the  28th,  and  in  Laoag 
from  8  a.m.  to  2  p.m.  of  the  same  day ;  so  that  there  was  considerable 
damage  done  by  the  winds  and  rains  to  buildings  and  crops  in  the 
northern  part  of  Ilocos  Sur  and  throughout  the  province  of  Ilocos  Norte. 
The  floods  of  the  Abra,  Casilian,  and  Bagbab  rivers  in  the  provinces  of 
Ilocos  helped  the  destruction  of  the  crops.  The  rainfall  records  of  this 
typhoon  on  the  western  coasts  of  Luzon  were:  Laoag,  255  mm.  [10*03 
ins.];  Vigan,  262  mm.  [10*32  ins.]  ;  Candon,  203  mm.  [7*99  ins.];  San 
Fernando  (Union),  57  mm.  [2*24  ins.];  Bolinao,  176  mm,  [6*93  ins.]; 
Dagupan,  108  mm.  [425  ins.];  Olongapo,  207  mm.  [8*15  ins,];  Manila, 
134  mm.  [5*28  ins.]. 

June  and  July, — After  such  extraordinary  weather  at  the  end  of  May, 
the  following  two  months  slipped  by  almost  without  any  noteworthy 
disturbance,  with  the  effect  that  the  atmospheric  pressure  was  somewhat 
higher  than  the  normal  of  June  and  July,  and  the  precipitation  much  less 
than  that  of  other  years.  There  were  no  areas  of  low  pressure  during 
June  other  than  that  on  the  19  th  in  the  China  Sea,  and  another  to  the 
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east  of  southern  Luzon,  both  of  which  were  of  little  importance.  In  July 
the  typhoon  which  proved  so  disastrous  for  Hong-Kong  exerted  some 
influence  on  northern  Luzon  while  it  was  crossing  the  Balintang  Channel 
on  the  26th  of  the  month. 

August, — The  month  opened  with  very  complicated  weather,  owing  to 
the  simultaneous  existence  of  various  depressions,  which,  though  not  of 
great  importance  if  we  regard  the  force  of  the  wind  only,  nevertheless 
were  accompanied  by  extremely  heavy  rains,  especially  in  Luzon,  causing 
floods  in  the  centrsd  and  northern  provinces,  chiefly  in  Pampanga  and 
Bulacan,  where  the  crops  suffered  immensely.  In  Manila,  for  the  first 
ten  days  only,  the  rainfall  recorded  was  432  mm.  [17  "01  ins.],  a  quantity 
greater  than  the  average  for  the  whole  month.  On  the  16  th  a  cyclone 
appeared  in  the  Pacific  to  the  east  of  Formosa,  and  a  depression  in  the 
north-eastern  section  of  the  China  Sea ;  but  neither  affected  Luzon  to  any 
marked  degree.  Another  cyclone,  of  little  importance  for  the  Archipelago, 
recurved  in  the  Pacific  to  the  east  of  Luzon  from  the  19th  to  the  21st, 
and  then  increasing  in  intensity,  moved  away  froA  the  island.  The 
effect  of  all  these  depressions  was  a  heavy  precipitation  in  Luzon  during 
the  first  part  of  the  month,  followed  by  large  floods  in  the  central  and 
northern  provinces  of  this  island. 

September. — The  first  two  decades  of  the  month  were  free  from  any 
important  atmospheric  agitation,  and,  for  this  reason,  in  Manila,  and  at 
many  other  stations,  from  the  1st  to  the  20th  the  mean  atmospheric 
pressure  exceeded  the  normal.  On  the  other  hand,  in  the  last  decade 
the  mean  pressure  was  much  lower  in  nearly  every  part  of  the  Archi- 
pelago. One  of  the  most  terrible  typhoons  that  have  affected  the  Archi- 
pelago of  late  years  crossed  the  Yisayas  on  the  23rd,  completely  upsets 
ting  atmospheric  conditions  for  some  days.  This  typhoon  is  comparable 
in  intensity  with  that  of  Samar  and  Leyte  of  October  12,  1897,  and  also 
with  the  Cantabrian  cyclone  of  September  25,  1905. 

Throughout  the  whole  extension  of  its  path  (see  Fig.  1),  there  were 
winds  of  hurricane  force  covering  a  zone  more  than  30  miles  wide  on 
both  sides  of  the  vortex.  From  this  may  be  imagined  the  destruction 
wrought  on  land  and  sea  when  the  typhoon  crossed  Samar  and  passed 
close  to  Masbate,  Romblon,  Tablas,  and  Mindoro.  The  barometric  mini- 
mum of  Borongan  is  one  of  the  lowest  that  have  been  recorded  for  many 
years.  The  belt  of  rainfall  was  300  miles  wide  along  the  path,  and,  as 
generaUy  happens,  the  maximum  intensity  was  observed  in  the  vicinity  of 
the  vortex.  In  Calbayog  the  amount  of  rainfall  from  the  20th  to  the 
25th  was  318  mm.  [12*52  ins.];  in  Gubat^  118  mm.  [4*65  ins.];  in  Mas- 
bate,  127  mm.  [5*00  ins.] ;  in  Atimonan,  250  mm.  [9*85  ins.] ;  in  Tarlac 
and  Echague,  in  the  interior  of  Luzon,  159  mm.  [6*26  ins.]  and  106  mm. 
[4*18  ins.]  respectively.  In  the  northern  part  of  Luzon  the  precipitation 
was  much  lighter,  as  in  Tuguegarao  only  55  mm.  [2*17  ins.]  were 
registered  for  the  same  period. 

October, — This  and  the  following  month  were  remarkable  for  the 
severity  and  frequency  of  cyclonic  storms.  Three  typical  typhoons 
crossed  Luzon  from  the  3rd  to  the  13th,  causing  great  loss  of  life  and 
property  by  the  violence  of  the  wind  and  the  magnitude  of  the  floods. 
The  paths  of  these  cyclones  are  given  in  Fig.  1.  In  the  first  of  these 
cyclones  there  was  a  zone,  30  miles  wide  in  and  near  the  vortex,  in 
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which  the  winds  were  extremely  violent  In  the  second,  the  winds, 
though  of  hurricane  force,  did  not  cover  such  an  extensive  area  as 
in  the  former  cyclone;  but  this  typhoon  was  remarkable  for  the 
quantity  of  rainfall  from  Manila  even  to  the  northern  extrenodty  of 
Luzon.  The  third  was  the  severest  both  in  the  force  of  the  winds,  which 
covered  a  remarkable  area,  and  also  in  the  torrential  rains.  These  rains, 
together  with  those  of  the  second  cyclone  of  this  month,  were  the  cause  of 
inundations  that  have  seldom  occurred  before,  especially  in  the  River 
Agno,  which  destroyed  several  kilometres  of  the  track  of  the  Manila  and 
Dagupan  Railway  ;  in  the  Bued,  which  swept  the  plain  of  Pozorrubio,  and 
caused  serious  damage  to  the  Benguet  road ;  in  the  Cagayan  and  its 
branches,  spreading  death   and  desolation   through   the   whole    valley, 


Fio.  1. 


especially  from  Lalo  to  the  sea.  The  floods  in  the  other  provinces  to  the 
north  of  Manila  were  no  less  terrible,  as  was  also  that  of  La  Laguna  in 
the  slopes  of  Maquiling  and  San  Cristobal. 

The  rainfall  from  October  1  to  15  was: — Tuguegarao  399  mm. 
[15-71  ins.];  Baguio  1283  mm.  [5051  ins.]  (459  mm.  [1807  ins.]  on 
the  13th  and  Uth);  Tarlac  245  mm.  [9*65  ins.]. 

November. — Rev.  Jos^  Coronas,  Assistant  Director,  the  forecaster  in 
charge  of  the  department  of  meteorology,  made  the  following  brief  rSsumi 
for  the  public  of  the  meteorological  conditions  during  this  month,  to 
which  has  been  added  only  the  records  of  rainfall  during  the  two  more 
important  cyclones  of  the  month.  The  track  of  the  cyclone  which 
affected  the  island  of  Luzon  on  the  20th  is  given  in  Fig.  2. 

We  wish  to  call  attention  to  the  abundant  rains  over  the  greater  part  of 
the  Archipelago  daring  the  latter  half  of  the  month.  The  total  rainfall  iu 
Manila  for  the  month  was  218*5  mnu  [8*60  ins.],  which  is  174*4  mm.  [6*86  ina] 
above  the  total  for  November  1907,  and  86'9  mm.  [3*42  ins.]  above  the  normal 
for  the  month  ;  but  when  we  receive  the  observations  from  the  provinces  the 
difference  will  be  found  to  be  much  more  extraordinary  in  the  stations  of  ,the 
Visayas  and  the  south-east  of  Luzon. 

Likewise  we  deem  worthy  of  mention  the  tracks  of  the  typhoons  or 
depressions  which  have  visited  the  islands  from  the  13  th  to  the  2l8t     One  de- 
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pression  formed  in  the  Jolo  [Sulu]  Sea  and  moved  north-east  and  east-north-east 
until  it  appeared  near  the  Catanduanes  Island,  where  it  remained  stationary 
for  one  or  two  days,  and  then  tamed  west  or  west-south-west  towards  the  China 
Sea.  This  extraordinary  movement  is  almost  unknown  in  our  latitudes,  but  it 
is  what  actually  occurred  in  the  depression  of  the  13th  to  17  th. 

No  less  strange  was  the  case  of  the  typhoon  of  the  20th,  which  on  that  day 
crossed  the  island  of  Luzon,  somewhat  far  to  the  north  of  Manila,  that  is  to  say, 
between  the  parallels  16°  and  17°  north.  It  is  not  surprising  then  that,  after  a 
path  so  extraordinary  for  this  season  of  the  year,  it  recurved  in  the  China  Sea, 


Fia.  2. 


and  finally  filled  up  and  disappeared  west  of  the  Balintang  Channel.  This 
typhoon  crossed  the  centre  of  the  island  of  Luzon  on  the  20th ;  but  the 
Observatory  sent  the  first  warning  of  its  existence  to  Indo- China,  China, 
Formosa,  and  Japan,  at  5  p.m.  on  the  15th,  when  the  centre  of  the  disturbance 
was  located  to  the  south-south-east  of  the  island  of  Guam.  From  that  day  the 
course  of  the  typhoon  was  followed  daily  until  its  filling  up  in  the  China  Sea 
was  announced  by  telegram  to  Hong-Kong  at  5  p.m.  on  the  22nd,  seven  days 
after  its  appearance  to  the  south-south-east  of  the  Ladrone  Islands. 

Rainfall  from  November  10  to  30 : — Borongan  158  mm.  [6*22  ins.]; 
Gubat  264  mm.  [10*39  ins.];  Atimorilan  894mm.  [35*20  ins.];  Masbate 
298  mm.  [11*73  ins.]. 

The  mean  atmospheric  pressure  was  lower  than  the  normal  at 
almost  all  the  stations  in  the  Archipelago.  In  Manila  the  difference 
was  -1*11  mm.  [  ~  04  in.]. 

DecerribeT, — During  the  first  days  of   this  month  the  weather  was 


Digitized  by 


Google 


218   AIiGUA— METEOROLOGICAL  CONDITIONS  IN  PHILIPPINE  ISLANDS 

extraordinary,  owing  to  a  cyclone  that  crossed  the  Yisayas,  and  disturbed, 
to  a  remarketble  degree,  atmospheric  conditions  in  this  region,  in  the 
inter- island  seas,  and  the  southern  part  of  Luzon.  As  a  result^  in 
Manila  the  pressure  during  the  first  decade  of  the  month  was  less  by 
3  mm.  [12  in.]  than  the  normal  for  December.  Likewise,  in  the  southern 
part  of  Luzon  and  in  the  Yisayas  it  was  lower  than  the  average.  In 
Borongan  the  barometric  minimum,  719  mm.  [28'308  ins.],  was  registered 
on  the  5th,  the  lowest  reading  for  December  since  pressures  were  first 
recorded  in  the  Archipelago.  The  amount  of  rainfall  in  the  neighbourhood 
of  the  vortex  was  remarkable,  as,  for  instance,  the  records  show  for 
Borongan,  from  the  2nd  to  the  7th,  211  mm.  [8*30  ins.],  for  Calbayog 
and  Gubat  131  mm.  [6*15  ins.]  and  175  mm.  [6  89  ins.]  respectively, 
for  Calapan  (Mindoro)  322  mm.  [12  68  ins.],  during  the  same  period, 
while  in  Manila  during  the  first  decade  alone  the  precipitation  was  as 
heavy  as  the  normal  for  the  whole  month.     See  track  in  Fig.  2. 

Condusum, — What  has  been  said  above  will  be  quite  sufficient  to 
indicate  that  1908  was  an  extraordinary  year,  and  this  is  conclusively 
shown  by  comparing  the  greatest  cyclonic  storms  that  have  affected  these 
islands  since  1880 — a  space  of  twenty-nine  years.  In  the  following 
table  only  those  storms  in  which  the  barometric  minimum  has  fallen 
below  741  mm.  [29*174  ins,]  at  some  point  of  the  Archipelago  are  taken 
into  account,  because  these  are  destructive  typhoons  almost  without 
exception,  or,  at  least,  indicate  that  the  vortex  Las  passed  over  some 
island  or  very  near  to  it.  It  is  well  known  that  these  barometric  minima 
do  not  always  correspond  to  the  pressure  in  the  vortex,  but  they  always 
show  the  lowest  readings  at  points  not  far  distant  from  it.  We  distinguish 
three  degrees  of  intensity  in  destructive  cyclones.  The  number  1  indicates 
regular  intensity,  2  remarkable  intensity,  and  3  extraordinary  intensity. 

From  this  table  we  can  deduce  consequences  of  the  highest  import- 
ance:— 

1.  Of  these  twenty -seven  destructive  cyclones  in  the  Philippines 
during  the  last  twenty-nine  years,  only  fourteen  have  been  classified  as 
typhoons  of  extraordinary  intensity,  and  of  these  fourteen,  five  corre- 
spond to  the  year  1908. 

2.  Of  these  twenty-seven  only  three  recorded  barometric  minima  lower 
than  700  mm.  [27*560  ins.],  namely,  those  of  October  1897,  September 
1905,  and  September  1908.  It  should  be  remarked  here  that  these  three 
terrible  cyclones  crossed  the  Visayan  Islands,  entering  by  Samar,  that  is, 
between  parallels  11°  and  13°  N. 

3.  Only  sixteen  of  the  cyclones  included  in  the  table  recorded  minima 
less  than  730  mm.  [28*741  ins.],  and  of  these  sixteen,  six  took  place  in 
the  year  1908. 

4.  The  really  destructive  cyclones,  and  those  which  have  attained  a 
sinister  fame  among  us,  as  those  of  October  1882  in  Manila,  of  November 
1890  in  Albay,  of  October  1893  in  Tuguegarao,  of  July  1895  in  Aparri, 
of  October  1897  in  Samar  and  Leyte,  of  1903  in  Tuguegarao,  and  the 
Cantabrian  cyclone  of  September  1906,  are  rare  indeed,  so  that  this 
year  is  remarkable  in  that  there  occurred  three  typhoons  of  this  type, 
namely,  those  of  September  23,  October  13,  and  December  5. 

5.  It  seems  that  the  part  of  the  Archipelago  that  is  visited  the  most 
frequently  by  these  extraordinary  typhoons  is  the  northern  part  of  Luzon 


Digitized  by 


Google 


ALGUlfe— METEOEOLOGIOAL  CONDITIONS  IN  PHILIPPINE  ISLANDS   219 

from  the  parallel  W  SO'  to  the  Batanes  Islands  and  from  parallel  11°  to 
14"  N. 


DssTRUOTiYE  CYCLONES.    Muumum  741  mm.  [29*174  ins.]  or  less. 


Cyclone 
Number. 


Sution. 


Date. 


Barometric 
minimum. 


Inten- 
sity. 


I 

2 

3 

4 
5 
6 

7 
8 

9 
lo 
II 

12 

13 

14 

!i 

\l 

19 

20 
21 
22' 
22 : 
23 
24 
25 
26 
27 


Manila 

Manila 

Aparri 

Albay  . 

Albay  . 

Tugueparao . 

San  Isidro    . 

Aparri 

Aparri 

Aparri 

Aparri 

Tanawan  (Leyte) 

Capiz  . 

Aparri 

Tuguegarao . 

Baler   . 

Santo  Domingo  (Batanes) 

SS.  Pathfinder,  Lat.  N.  I2'  lo'  35*, 

Long.  E.  125*  31' 
Aparri  .... 

Baler 

SS.  Liscum,  Santa  Rita  (Samar) 
Aparri  .... 

Bark  KohcUa  (off  W.  coast  Luzon) 
Borongan     . 
Baler   . 
Echague 
Tuguegarao . 
Borongan     . 


Oct. 

June 


Oct.  20,  1882 
Nov.  5,  1882 
Sept.  26,  1888 
Nov.  15,  1 89 1 
May  14,  1893 
Sept.  30,  1893 
Sept.  17,  1894 
Nov.  16,  1894 
Nov.  2,  1895 
July  27,  1896 
Oct.  19,  1896 
12,  1897 
3,  1903 
Oct  20,  1903 
Oct.  25,  1903 
April  29,  1905 
July  I,  1905 
Sept.  25,  1905 

Sept.  I9i  1906 
Sept.  27,  1906 
Jan.  10,  1907 
May  28,  1908 
May  27,  1908 
Sept.  23,  1908 
Oct.  4,  1908; 
Oct.  8,  1908 
Oct.  13,  1908 
Dec.  5,  1908 


mm. 
72775 
735-79 
727.42 
72780 
737.00 

710.45 
736-80 
730.26 
74079 
716-30 
740-00 

693-9« 
740.80 

735-35 
720-45 
738-00 

713-15 
690.12 

73590 
707.90 
735-70 
738-70 
722- 1 1 
69800 
71500 
721  00 
711-00 
71900 


ms. 
28652 
28969 
28-639 
28.654 
29016 

27-971 
29.008 

28751 
29.166 
28.201 

29-134 
27322 
29.166 
28951 
28.365 
29.056 
28.077 
27171 

28.973 
27-871 
28965 
29-083 
28430 
27481 
28. 1 50 
28386 

27993 
28308 


DISCUSSION. 

Colonel  H.  E.  Rawson  called  attention  to  the  author's  work  entitled 
Baginos  6  Ctdones  Filipinos,  which  was  published  in  1897.  A  summary  of  a 
lecture  by  Dr.  Bergholz,  delivered  to  the  German  Association  in  Munich  in 
1899,  dealing  with  this  excellent  report  of  the  places  of  origin,  paths,  and 
zones  of  the  hurricanes  of  the  Far  East,  appears  in  this  Society's  Quarterly 
Journal  for  April  1900,  vol.  26,  p.  165.  It  has  been  translated  from  the 
German  account,  and  as  Senor  Algu^'s  work  is  in  Spanish,  the  original  has 
suffered  considerably  in  translation.  The  paper  is  a  very  valuable  one,  and 
the  credit  of  it  should  be  given  to  Senor  Algu6,  and  not  to  Dr.  Bergholz,  whose 
lecture  was  largely  a  translation  of  the  former's  book.  Owing  to  the  longi- 
tudes being  reckoned  from  San  Fernando  in  the  original,  Dr.  Bergholz  con- 
verted them  into  meridians  east  of  Greenwich,  but  in  doing  so  some  clerical 
errors  in  this  and  other  matters  have  occurred.  Colonel  Rawson  supplies  the 
following  corrigenda  which  require  to  be  made  : — ^p.  166,  line  29,  129**  E. 
instead  of  149*  E. ;  p.  166,  line  4  from  bottom,  124°  E.  instead  of  130"  E. 
The  word  "vertex"  appears  on  p.  127  instead  of  "vortex"  ;  where  "north- 
west by  north  "  occurs,  it  should  be  "  west-north-west."  In  all  cases  in  which 
conclusions  are  given  they  should  be  credited  to  Senor  Algixi  and  not  to  the 
lecturer. 
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The  present  paper  should  be  read  in  connection  with  the  above.  It 
confirms  the  important  view  which  was  advanced  in  1897,  that  there  is 
an  intimate  connection  between  the  place  of  origin  of  typhoons,  the  son's 
declination,  and  the  position  of  the  high -pressure  systems  in  the  vicinity. 
Senor  Algu^  divided  the  year  into  three  groups  of  months,  the  first  including 
December  to  March,  the  second  the  months  of  April,  May,  October,  and 
November,  and  the  third  June  to  September.  He  found  that  in  the  first 
group  the  greatest  number  of  hurricanes  arises  in  lower  latitudes  than  10"  N., 
but  at  the  beginning  of  December  and  the  end  of  March  the  place  of  origin 
extends  itself  a  little  farther  north,  so  that  in  the  second  group  the  place  of 
formation  lies  between  6"  N.  and  17"  N.,  and  in  the  third  between  8'  N. 
and  20"  N.  The  tracks  of  the  hurricanes  were  discovered  to  vary  with  the 
positions  of  the  two  neighbouring  high -pressure  systems,  the  Siberian  and 
North  Pacific  anticyclones,  and  to  have  a  seasonal  migration  with  them  and 
with  the  two  low-pressure  systems  in  Hindustan  and  the  Behring  Sea.  On 
November  20,  1908,  we  see  that  a  typhoon  took  an  extraordinary  track  for  the 
season  of  the  year,  and  passed  well  north  of  Manila.  The  *'  crossing  line  "  of 
typhoons  north  and  south  of  the  Manila  observatory,  from  1879  to  1896,  was 
found  to  occur  in  November,  and  no  typhoon  ever  passed  north  of  it  from 
December  to  March  in  those  years.  Seiior  Algu6  attributed  this  to  the  rise  of 
barometric  pressure  over  the  high-pressure  district  in  Asia,  which  ^'pushed" 
the  hurricanes  into  lower  latitudes.  We  may  therefore  infer  that  the  extra- 
ordinary floods  and  extremely  severe  and  frequent  cyclonic  storms  in  1908 
may  be  partially  attributed  to  the  Siberian  system  being  in  an  abnormal 
position.  All  the  facts  point  to  its  being  more  northerly  than  usuaL  When 
we  remember  that  the  regions  to  the  east  of  Central  America  and  of  South 
Africa  resemble  the  Philippine  Archipelago  off  the  coast  of  China,  in  being 
sown  with  islands  and  being  subject  to  a  sub-tropical  climate,  we  cannot  help 
recognising  the  important  part  which  the  neighbouring  anticyclonic  systems 
play  both  in  warding  off  and  in  governing  the  typhoons  which  probably 
originate  from  the  prevailing  contrasts  of  temperature.  Colonel  Rawson  wel- 
comed the  paper  as  a  valuable  contribution  to  our  knowledge  of  an  interesting 
hurricane-area. 

Commander  W.  F.  Caborne  remarked  that  this  paper  was  one  of  considerable 
interest,  particularly  to  seamen  frequenting  Far  Eastern  waters,  and  that  the 
best  thanks  of  the  Society  were  due  to  its  author.  The  exceptional  character 
of  the  weather  in  the  year  1908  in  the  Philippines  and  their  neighbourhood 
was  fully  demonstrated  by  the  fact  that,  while  fourteen  typhoons  of  extra- 
ordinary intensity  took  place  in  the  years  1880  to  1908,  only  nine  of  them 
occurred  prior  to  the  latter  year.  However,  an  idea  of  the  generally  stormy 
nature  of  the  region  could  be  formed  from  the  fact  that,  according  to  the  China 
Sea  Directory,  which  had  derived  some  of  its  information  from  The  Cyclones  of 
the  Far  East,  by  Father  Algu^,  the  typhoons  which  appeared  in  the  Philippine 
Archipelago,  either  crossing  it  or  passing  through  it  for  a  greater  or  less 
distance,  were  468  in  number  between  the  years  1880  and  1901  inclusive, 
giving  an  average  of  21*27  per  annum.  Those  who  had  never  witnessed  a 
destructive  hurricane  of  the  strength  of  a  iirst-class  typhoon  or  cyclone,  would 
have  some  difficulty  in  realising  the  violence  of  the  wind  upon  those  occasions, 
and  his  (Commander  Cabome's)  experience  in  that  direction  had  been  confined 
to  the  great  cyclone  in  the  Bay  of  Bengal  in  October  1867,  when  the  frigate- 
built  East  Indiaman  Blenheim^  in  which  he  was  then  serving  as  a  midshipman, 
after  passing  through  the  calm  centre  of  the  storm,  was  thrown  on  her  beam- 
ends  (no  sail  at  the  time  being  set),  totally  dismasted,  and  nearly  lost 
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March  17,  1909. 

Ordinary  Meeting. 

HsNRY  Mellish,  Esq.,  F.R.Q.S.,  President,  in  the  Chair. 

William  Harvey  Brown,  Standard  Buildings,  Leeds  ; 
Col.  Charles  Rosdew  Burn,  Fjvie  Castle,  Aberdeenshire ; 
J.  Edward  Burnett,  63  Percy  Park,  Tynemouth ; 
Capt.  Stephen  Alonzo  Pidqeon,  87  Leadenhall  Street,  E.C. ; 
Capt.  Montagu  Sydney  Herbert  Smith,  Highfield,  Southampton  ; 
Edward  Kemp  Toooood,  F.L.S.,  Southampton; 
Capt.  Theophilus  Trotter,  Western  College,  Plymouth  ; 
Robert  Hbywood  Wilshaw,  M.B.,  D.Ph.,  Town  Hall,  Worthing ;  and 
Harry  Edwin  Wood,  The  Observatory,  Johannesburg,  Transvaal, 
were  balloted  for  and  elected  Fellows  of  the  Society. 

Prof.  Cleveland  Abbe,  F.R.A.S.,  Weather  Bureau,  Washington,  U.S.A.  ; 
John  Richard  Sutton,  M.A,  D.Sc,  Kimberley,  Cape  Colony  ;  and 
LiioN  Teisserbng  de  Bort,  33  Rue  Dumont  d'Urville,  Paris, 
were  balloted  for  and  elected  Honorary  Members  of  the  Society. 

The  President  said  that  he  had  the  pleasure  of  introducing  to  them  the 
Lecturer  for  that  evening.  Dr.  Vaughan  Cornish.  Dr.  Cornish  was  an  authority 
on  the  subject  of  his  lecture,  and  had  travelled  a  great  deal  with  the  object  of 
observing  the  formation  of  these  waves.  Some  of  them  might  have  seen 
specimens  of  Dr.  Cornish's  work  at  the  Franco-British  Exhibition,  and  they 
were  looking  forward  to  seeing  more  of  it  that  evening. 

Dr.  Vaughan  Cornish,  F.R.Q.S.,  then  delivered  a  Lecture  on  "Wind- 
Waves  IN  Water,  Sand,  Snow,  and  Cloud"  (p.  149). 

The  President  said  they  were  much  indebted  to  Dr.  Cornish  for  his 
Lecture.  All  present  would  have  now  a  much  clearer  opinion  of  wind-waves. 
It  was  a  puzzling  subject  to  most  people,  and  they  had  had  a  great  deal  of 
information  given  them  that  evening.  The  photographs  had  been  extremely 
successful  in  depicting  the  phenomena  to  them.  He  wished  to  tender  their 
very  best  thanks  to  Dr.  Cornish  for  his  Lecture. 


April  21,  1909. 

Ordinary  Meeting, 

Henry  Mbllish,  Esq.,  F.R.G.S.,  President,  in  the  Chair. 

Prof.  Howard  Turner  Barnes,  D.Sc,  M*Qill  University,  Montreal ; 
William  Richards  Blair,  Ph.D.,  Mount  Weather,  Virginia,  U.SA.  ; 
Prof.  Jambs  Edward  Church,  Ph.D.,  University,  Nevada,  U.S.A. ; 
Henry  Blanchard  Hersby,  Weather  Bureau,  Milwaukee,  U.S.A. ; 
Capt  Joseph  Edmund  Leach,  103  Calabria  Road,  Highbury  ; 
Eric  Rexford  Miller,  Weather  Bureau,  Madison,  Wisconsin,  U.S. A. 
Erne|T  Claude  Shankland,  Morshed  Mansions,  W.  ;  and 
Capt^HOMAS  Jasper  Urbn,  Royal  Albert  Docks,  E., 
were  balloted  for  and  elected  Fellows  of  the  Society. 
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The  Phesidxnt  said  that  hefore  proceeding  to  the  reading  of  the  papers^  he 
wished  to  refer  to  a  lots  which  the  Society  had  sustained  in  the  death  of  Captain 
Henry  Toynbee.  Captain  Toynbee  was  at  one  time  Superintendent  of  the 
Marine  Department  of  the  Meteorological  Office,  and  had  also  served  for  some 
time  on  the  Council  of  the  Society.  In  point  of  years  he  was  one  of  the  oldest 
Fellows,  being  over  90  years  of  age,  and  he  had  been  a  member  of  the  Society 
for  30  years. 

The  Presidknt  than  referred  to  the  recent  Expedition  to  the  South  Pole 
undertaken  by  Lieut  Shackleton,and  said  that  they  would  look  forward  to  hearing 
more  details  of  the  meteorological  resultSL  Meteorological  data  were  steadily 
accumulating  about  that  region.  Several  sets  of  observations  had  been  published 
last  year,  and  he  hoped  that  with  the  fresh  results  now  obtained,  some  Fellow 
of  the  Society  would  collect  them  and  give  the  Society  a  first-rate  discussion. 

The  following  communications  were  read  : — 

1.  "  Pkrcolation,  Evaporation,  and  Condensation."  By  Baldwin 
Lathav,  M.In8t.C.E.  (p.  189). 

2.  <<Thb  Mbteorolooical  Conditions  in  the  Philippine  Islands, 
1908.'*     By  Rev.  Josi  Aloo^,  SJ.,  Hon.Mem.R.Met.Soc.  (p.  213). 


CORRESPONDENCE  AND  NOTES. 

Mr.  ShAckleton'B  Antarctic  Expedition. 

We  have  much  pleasure  in  announcing  that  at  an  early  Meeting  of  the 
Royal  Meteorological  Society  next  session  I^eut.  J.  B.  Adams,  who  had  charge 
of  the  meteorological  observations,  will  give  an  account  of  the  meteorological 
work  of  the  Expedition.  Mr.  £.  H.  Shackleton  and  other  members  of  the 
Expedition  will  also  attend  the  Meeting. 

Agricnltnral  Education  and  Meteorology. 

For  some  years  past  the  Journal  and  Education  Committee  of  the  Royal 
Agricultural  Society  of  England  have  organised  an  Agricultural  Education 
Exhibition  in  connection  with  their  Annual  Show.  This  Exhibition  has  grown 
considerably,  and  that  held  in  connection  with  the  recent  Show  at  Gloucester, 
June  22-26,  was  the  largest  of  the  series.  It  is  pleasing  to  note  that  the 
subject  of  Meteorology  is  now  beginning  to  be  recognised  by  Educational 
Authorities.  There  were  several  specimens  of  meteorological  work  in  the 
County  Councils  exhibit  from  the  Elementary  Schools  in  Gloucestershire, 
Herefordshire,  Oxfordshire,  Somerset  and  Wilts,  including  specimens  of  home- 
made instruments,  which,  although  of  a  type  hardly  to  be  recommended,  showed 
great  ingenuity  on  the  part  of  the  teachers  and  scholars.  Some  of  the  children's 
notebooks,  with  remarks  on  their  own  observations  of  the  weather,  were  very 
well  kept, — in  fact,  some  official  observers  might  with  advantage  follow  Uie 
example  set  by  these  records. 

The  Wye  Agricultural  College,  Kent,  showed  photographs  illustrating  the 
methods  adopted  for  the  protection  of  fruit  trees  from  frost. 

The  Harper- Adams  Agricultural  College,  Newport,  Salop,  showed,  by  means 
of  36  bottles  containing  coloured  substances,  the  results  of  an  interesting  ex- 
periment giving  the  rainfall  and  the  amount  of  Nitrogen  as  Ammonia  and 
Nitrates  brought  down  by  the  rain  over  ^th  of  an  acre  during  each  month  of 
1908. 
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Rainfkll  by 

Nitrate  of 

Sulphate  of 

5-ln.  gauge. 

Soda. 

Ammonia. 

in. 

oz. 

oz. 

1-11 

0-6 

1-5 

1-26 

0-3 

0-7 

2-59 

0-95 

2-25 

2-12 

1-0 

2-76 

2-21 

0-6 

1-25 

2-32 

1-6 

2-60 

8-16 

0-9 

2-76 

270 

0-6 

1-60 

2-09 

1-4 

8-60 

1-67 

0-75 

1-80 

1-68 

0-42 

1-20 

2  08 

0-85 

2-26 

1908. 
January 
February 
March 
April 
MAy  . 
Jane  . 
July  . 
August 
September 
October 
November 
December 

The  Royal  Meteorological  Society  organised  a  fully  representative  Exhibit, 
as  well  as  a  Climatolc^cal  Station  in  the  grounds.  This  Exhibit  included 
diagrams,  giving  a  great  deal  of  useful  information  in  a  popular  form,  a  varied 
collection  of  photographs  of  meteorological  phenomena^  and  various  patterns  of 
meteorological  instruments.  Two  self-recording  rain-gauges,  viz.  :  Messrs.  C.  F. 
Casella  and  Co.'s  new  Self-Recording  Rain-Gauge,  tipping-bucket  pattern,  record- 
ing down  to  '005  of  an  inch,  and  Messrs.  Negretti  and  Zambra's  new  Self-Record- 
ing Rain-Gauge,  the  "  Hyetograph,"  were  shown  in  public  for  the  first  time. 
Mr.  W.  Marriott  gave  a  Demonstration  each  day  on  the  ^  Method  of  taking 
Weather  Observations."  These  Demonstrations,  which  included  the  ascent  of 
ballons-sondes  with  meteorograph  ^  or  pilot  balloons  for  ascertaining  the  drift  of 
the  upper  currents  of  the  atmosphere,  were  attended  by  large  and  interested 
audiences. 

On  Friday,  June  25,  a  Conference  of  Teachers  in  Elementary  Schools  was 
held  in  the  Members'  tent,  when  Prof.  Ainsworth  Davis,  Principal  of  the  Royal 
Agricultural  College,  Cirencester,  gave  an  Address  on  Nature  Study,  and  Mr. 
W.  Marriott  spoke  on  the  desirability  of  observations  on  the  weather  being 
taken  up  in  Elementary  Schools. 

A  BemarkaUe  Bainbow. 

During  a  sharp  storm  of  rain  and  hail  on  Sunday,  March  7,  at  3.55  p.m.,  a 
remarkable  rainhow  was  seen  here.  When  first  observed  only  an  outer  bow 
was  visible,  in  colour  white,  standing  out  with  marked  distinctness  against  blue- 
black  cumulo-nimbus  cloud,  tJie  sun  at  the  time  being  immersed  in  cirro-stratus. 


VjThi^e  Boy^ 


On  the  cirro-stratus  becoming  less  dense  at  4  F.M.,  two  incomplete  inner  bows 
were  noticed  showing  the  usual  spectrum  colours,  the  smaller  of  the  two  being 
both  brighter  and  broader.  The  inner  bows  disappeared  at  4.6  f.v.  on  the 
cessation  of  the  rain.  The  white  bow  remained  visible  to  4.12  p.m.,  and  before 
finally  disappearing  had  a  faint  yellowish  tinge.     Cirro-stratus  was  seen  above 

^  The  balloon  sent  up  on  June  28  reached  a  height  of  nearly  12  miles,  and  fell  near 
Marlborough  in  WiltsMre. 
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the  cumulo-nimbus.     The  illustration  shows  the  formation  of  the  bow  at  4  F.1I. 
— Spencer  C.  Russell,  Epeom,  Surrey. 

Upsala  Meteorological  Obserratory. 

Professor  Filip  Akerblom  has  from  May  1,  1909,  been  definitely  appointed 
Director  of  the  Meteorological  Observatory  of  the  University  of  Upsala,  Sweden, 
in  succession  to  Dr.  H.  H.  Hildebrandsson,  resigned. 
Intenuktional  Oommission  of  Sdentiflc  Aeronantics. 

The  sixth  Meeting  of  the  International  Commission  of  Scientific  Aeronautics 
was  held  at  the  new  Oceanographical  Museum,  Monaco,  on  April  1-6,  1909. 
Fourteen  countries  were  represented  at  the  meeting,  and  amongst  those  present 
were.  Prof.  Hergesell,  the  President,  Profs.  Assmann  and  Berson,  Germany; 
M.  Teisserenc  de  Bort,  France  ;  Prof.  H.  Hildebrandsson,  Sweden ;  Prol  A.  L. 
Rotch,  United  States  ;  Col.  Vives  y  Viches,  Spain  ;  General  Rykatcheff,  Russia; 
Prof.  Palazzo,  Italy  ;  Hofrath  von  Konkoly,  Hungary  ;  M.  Vincent,  Belgium  ; 
Capt.  Ryder,  Denmark  ;  and  Messrs.  P.  Alexander  and  C.  J.  P.  Cave,  Great 
Britain.  A  number  of  interesting  papers  were  read  by  various  members  of  the 
Congress,  and  we  learn  from  Nature  that  at  the  last  meeting  the  following 
resolutions  were  adopted  : — 

1.  Prof.  Eoppen's  proposal  to  adopt  absolute  measures  for  atmospheric 
pressure  was  referred  to  the  International  Meteorological  Committee.  [See 
Quarterly/  Journal^  April  1909,  p.  132.] 

2.  The  July  series  of  observations  to  be  made  at  7  a.m.  Greenwich  mean 
time,  and  pilot  balloons  to  be  sent  up  three  times  a  day  in  accordance  with  the 
proposals  of  Prof.  Bjerknes. 

3.  M.  Vincent's  proposal  that  frequent  observations  of  the  state  of  the  sky 
should  be  made  on  international  days  was  recommended. 

4.  The  importance  of  observatories  for  the  study  of  the  upper  air  to  be 
urged  on  all  countries  which  do  not  possess  them. 

5.  M.  de  Massani's  project  to  establish  an  upper-air  observatory  on  the 
plains  of  Hungary,  near  Kecskemet,  was  endorsed. 

6.  It  was  resolved  to  bring  to  the  notice  of  aero  clubs  the  importance  of 
observations  during  ascents  of  manned  balloons  for  sport,  etc 

7.  Copies  of  traces  of  registering  instruments  are  to  be  exchanged  between 
members  of  the  commission  if  required. 

8.  Titles  of  new  publications  to  be  sent  to  Prof.  Assmann  for  publication 
and  analysis  in  Fortschrttte  der  Phyaik  or  to  the  U.S.  Weather  Bureau  for  the 
Monthly  Weather  Review. 

9.  Prof  Rotch's  proposition  to  express  the  temperature  gradient  as  positive 
when  the  temperature  decreases  with  altitude  was  adopted. 

10.  Prof.  Rotch's  proposal  that  in  the  published  observations  of  kite  ascents 
simultaneous  observations  at  ground  level  be  given  was  adopted. 

1 1.  The  thanks  of  the  commission  to  be  sent  to  the  Spanish  Government  for 
its  promise  to  establish  an  observatory  on  the  Peak  of  Teneriffe,  and  to  the 
Spanish  military  aeronauts  and  to  the  German  Government  for  aiding  the 
project. 

13.  Various  new  members  were  elected — MM.  Trabert,  Vincent,  Elein- 
schmidt,  Bjerknes,  Ryder,  and  Bamier ;  the  directors  of  the  observatories  of 
Irkutsk,  Tiilis,  and  Ekaterinburg;  and  several  military  aeronauts^  including 
Colonel  Capper. 

14.  It  was  resolved  that  the  next  meeting  of  the  commission  should  be  held 
in  Vienna  in  the  autumn  of  1912. 

Fiji  Bainfall. 

Mr.  R.  K  Holmes  reports  that  the  rainfall  at  Delanasau,  Bua,  lat  16**  38'  S., 
long.  178'  37'  E.,  in  1908,  was  as  follows  : — 
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1906.  Ins.              .  Days. 

January 13*46  15 

February 12-80  21 

March 18-23  16 

April 7-46  19 

May 602  18 

June 0-86  8 

July 2-22  5 

August 1-84  7 

September 2-68  7 

October 2-11  11 

November 8*28  17 

December 6-06  7 

Year  79-44  160 

The  total  rainfall  in  1908  was  slightly  below  that  of  the  previous  year.  In 
25  years  to  the  end  of  1895  the  yearly  average  was  99*03  ins.,  but  in  the 
following  13  years  the  average  was  75-0  ins.  The  average  fall  for  the  38  years 
was  90*82  ins. 

Greatest  fall  was  159*51  ins.  in  1871,  and  the  least  fall  was  50*86  ins.  in 
1905. 

The  heaviest  fall  in  one  day  was  14*95  ins.  on  March  20,  1871.  In  eight 
days,  ending  April  5,  1893,  the  fall  was  42*86  ins.  The  average  number  of 
rain  days  in  the  38  years  was  154. 

As  regards  the  part  of  Fiji  where  most  rain  falls,  it  is  uncertain,  but  the 
following  cannot  be  far  out. 

Mr.  James  Newall  started  a  plantation  in  1875  at  Q  ra  Walu,  on  Taviuni, 
south,  2^  miles  from  the  sea,  564  feet  above  mean  sea-level,  and  he  sent  me 
particulars  of  the  climate.  The  rainfall  in  1876  was  243*07  ins.  on  236  days, 
and  in  1877,  251*57  ins.  on  288  days.  This  excess  is  caused  by  the  trade 
winds  blowing  on  to  the  high  hills,  moisture  laden  from  the  southern  ocean. 
Mr.  Newall  found  the  climate  too  moist,  so  gave  up  the  plantation  experiment. 

The  year  1908  was  on  the  whole  a  calm  one  as  regards  storms. 

On  January  4  the  barometer  fell  to  29*518  ins.  South  of  the  island  very 
stormy  weather  prevailed  at  that  time. 

On  April  30  there  was  a  remarkable  electric  storm  with  heavy  rain,  but 
little  wind  from  the  North.  The  flashes  of  lightning  and  the  roar  of  thunder 
were  terrific,  particularly  when  the  lightning  struck  and  killed  five  cocoa-nut 
trees  within  30  yards  of  our  house. 

Mr.  G.  C.  Barrat,  manager  of  the  tea,  cocoa,  and  rubber  estate  at  Wainunu 
(south  side  of  Yanua  Levu,  about  20  miles  from  Delanasau),  has  furnished  the 
following  particulars  for  1908  : — 

nana  KainlUl  Mflan  Temp. 

^*^'  ins. 

January 29*02  80*7 

February 19*61  85*6 

March 14*11  80*8 

April 31-34  78*3 

May 16*63  77*1 

June 3-38  73*3 

July .        .  4*37  73*1 

August 9*37  76-7 

September 3*11  733 

October 7*30  76*0 

November 10-64  77*3 

December 6*98  78*6 

Year  158*86  77  6 

The  heaviest  rainfall  in  one  day  was  8*75  ins.  on  May  13.  The  average 
rainfall  for  29  years  was  150*22  ins. 
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Stonn  in  1638  in  Devon. 

Lygons  in  his  Meigna  Britannia  [Deyonshire,  p.  557]  gives  some  account  of 
this,  and  also  mentions  that  a  tract  upon  the  subject,  A  True  RelaHonf  eU^  is 
reprinted  in  the  HarUian  Miscellany, 

In  the  parish  church  of  Widdecombe  a  curious  record  of  the  storm  is  still 
extant,  written  by  a  person  who  was  present  at  the  time.     It  is  in  yerse. 

Ernest  Law  on  the  Trees  in  Boshey  Park. 

The  following  extract  from  the  pen  of  so  competent  a  writer  on  the  subject 
as  Mr.  Law  may  be  of  interest  to  many  of  our  readers : — 

"  Entering  the  avenue  at  the  Teddington  Qate  one  sees  at  once  on  the  left 
the  result  of  the  great  storm  of  June  last  year  [1908],  which  in  a  moment 
levelled  eighty  of  the  great  trees.  No  such  storm  ever  struck  this  avenue  before, 
except  the  extraordinary  one  of  November  1703,^  rendered  classical  by  Addison's 
allusion  to  it  in  his  *  Campaign '  (in  the  famous  comparison  of  Marlborough  to 
an  angel  riding  in  the  whirlwind,  *  Such  aa  of  late  o'er  pale  Britannia  passed  0- 

"  The  damage  then  done  in  Bushey  Park  was  enormous,  but  as  the  trees  had 
been  planted  only  four  years  it  was  easily  made  good. 

"  Not  80  that  of  last  year,  the  traces  of  which  will  be  manifest  a  century 
hence  !  " — The  Times,  May  31,  1909. 

Meteorological  Text-Books. 

The  U.S.  Weather  Bureau  has  published  a  Brief  List  of  Meteoroloffuxd 
Text-Books  and  Reference  Books,  which  has  been  prepared  by  Mr.  C.  F.  T&l- 
man,  the  librarian.  This  compilation  is  designed,  primarily,  to  guide  the 
librarians  of  large  general,  scientific,  and  university  libraries  in  the  United  States 
in  selecting  meteorological  literature  for  their  collections.  It  is  also  intended 
to  provide  a  ready  means  of  complying  with  the  many  requests  received  by  the 
Weather  Bureau  from  teachers,  students,  and  others  for  the  titles  of  books  deal- 
ing with  meteorology  and  its  several  branches.  This  pamphlet,  which  contains 
the  titles  of  about  150  works,  is  likely  to  be  of  service  to  American  readers  and 
studenta  It  is,  however,  not  by  any  means  complete,  as  a  number  of  English 
books  and  memoirs  are  not  included. 

A  list  of  some  of  the  works  on  meteorological  subjects  which  English  readers 
may  consult  with  advantage  will  be  found  in  the  recently  published  second 
edition  of  Some  Facts  About  the  Weaiher. 


RECENT  PUBLICATIONS. 

A  Guide  to  the  Natural  History  of  the  Isle  of  fFighi.  Edited  by  Frank 
MOREY,  F.L.S.  Newport,  Isle  of  Wight,  1909.  8vo.  xx  +  560 
pp.     Plates  and  Map. 

This  contains  a  series  of  contributions  by  specialists  relating  to  the  various 
branches  of  Natural  History  and  kindred  subjects.  Mr.  J.  Dover  contributes 
an  article  on  Meteorology,  in  which  he  gives  the  results  of  his  observations  made 
at  Totland  Bay  ;  and  Miss  M.  Gibson  gives  the  results  of  observations  made 
at  the  Royal  National  Hospital,  St  Lawrence,  Ventnor,  during  the  20  years 
1887-1907. 

1  Known  as  '*  The  Great  Storm." 
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Observatums  and  Investigations  made  at  the  Blue  Hill  Meteorological  Observa- 
tory^ Massachusetts^  U.S.A.     Under  the  direction  of  A.  Lawrence 
EoTCH.     [Annals   of  the   Astronomical   Observatory   of   Harvard 
College.]     4to.     Cambridge,  1908-1909. 
Part  3  of  voL  58  contains  the  observations  made  at  Blue  Hill,  and  at  the 
lower  stations ;  the  observations  of  the  upper  air  with  kites  during  the  year 
1905  ;  and  summaries  of  the  observations  at  the  ground  during  the  preceding 
lustrum  and  the  20  years.     Mr.  H.  H.  Clayton  gives  a  report  on  the  meteoro- 
logy of  total  solar  eclipses,  including  the  eclipse  of  1905,  and  Mr.  A.  L.  Rotch 
gives  a  brief  report  on  the  eclipse  shadow  bands.     The  volume  ends  with  a 
bibliography  relating  to  the  Blue  Hill  Observatory  between  1901  and  1905. 
This  list  includes  not  only  the  writings  of  the  staff  on  meteorological  subjects 
wherever  published,  but  also  all  references  to  them,  or  original  articles  about' 
the  Observatory  by  others,  which  have  been  discovered  in  books  or  scientific 
journals. 

Part  3  of  voL  68  is  devoted  entirely  to  reports  by  Mr.  H,  H.  Clayton  and 
Mr.  S.  B.  Fergusson  on  the  exploration  of  the  upper  air  by  means  of  ballons- 
sondes  at  St.  Louis,  in  the  years  1904-7,  and  with  kites  at  Blue  Hill. 

Observing  and  Forecasting  the  Weather.  Meteorology  without  Instruments. 
By  D.  W.  Horner,  F.RMetSoc.  Second  Edition,  1909. 
London :  Witherby  and  Co.     6d.  net     8vo.     48  pp.  and  3  plates. 

The  object  of  the  author  in  publishing  this  treatise,  which  has  now  reached 
its  second  edition,  has  been  that  the  ordinary  individual  may  have  a  cheap  and 
easily  understood  book,  by  means  of  which  he  may  quickly  acquire  some  know- 
ledge of  the  science  of  the  weather,  and  become  more  or  less  expert  at  weather 
forecasting.  As  the  author  considers  there  are  many  works  treating  of  instru- 
mental observations,  he  has  confined  his  remarks  entirely  to  '*  non-instrumental 
observations,"  a  subject  which  he  considers  can  be  taken  up  without  any  expense 
or  outlay  whatever  by  any  one  of  average  intelligence. 

The  subjects  dealt  with  are  "  CloudS,"  "  Wind,"  "  Halos  and  kindred  Phe- 
nomena," "Thunderstorms,"  "Weather  Sayings,"  "The  Moon  and  the 
Weather,"  and  "  Phenological  Observations." 

Solar  Physics  Committee.  A  Discussion  of  Australiam,  Meteorology.  By 
William  J.  S.  Lockyer,  M.A.,  Ph.D.  Under  the  direction  of 
Sir  Norman  Lockykr,  K.C.B.,  F.R.S.  London,  1909.  4to. 
vii  +  117  pp.  and  10  plates. 
The  previous  memoir  published  by  the  Solar  Physics  Committee,  Monthly 
Mean  VcUues  of  Barometric  Prestvre  for  73  Selected  Stations,  contained  a 
number  of  curves  representing  the  pressure  changes  over  Australia  from  year 
to  year,  which  indicated  a  variation  of  about  four  years'  duration,  a  period 
already  found  in  India  and  South  America,  and  corresponding  with  the  carve 
of  prominence  frequency.  In  a  subsequent  paper  to  the  Royal  Society  Dr. 
Lockyer  referred  again  to  this  variation  of  the  mean  annual  pressure  values 
in  operation  in  Australia,  and  directed  attention  to  the  fact  that  the  mean 
amplitude  of  the  Australian  variation  was  nearly  double  that  of  the  Indian 
change.  He  further  showed  that  this  Australian  pressure  change  amounted  to 
nearly  35  per  cent,  of  the  mean  annual  variation,  and  must  therefore  play  an 
important  part  in  bringing  about  changes  in  the  weather  experienced  from  year 
to  year.  In  the  case  of  the  pressure  variation  of  long  duration  in  operation  in 
Australia,  he  pointed  out  also  that  this  fluctuation  took  about  19  years  to 
complete  a  cycle,  and  its  amplitude  reached  nearly  25  per  cent  of  the  annual 
variation. 
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The  importance  of  these  changes,  their  possible  periodicity,  and  their 
extensive  distribution,  suggested  that  a  more  detailed  inquiry  into  the 
meteorology  of  Australia  as  a  whole  might  be  useful,  and  such  an  investigation 
is  now  presented  by  Dr.  Lockyer  in  the  present  memoir. 

This  commences  with  a  brief  account  of  the  similar  barometric  changes 
which  occur  over  the  whole  of  Australia  from  year  to  year,  and  then  a  general 
survey  of  the  main  features  of  Australian  meteorology  is  given.  The  mean 
annual  pressure  and  rainfall  variations  are  next  individually  dealt  with  and 
compared  in  order  to  determine  their  seasonal  distribution.  A  comparison  is 
then  made  with  the  changes  from  year  to  year  of  the  pressure  and  rainfall,  and 
here  also  are  brought  together  some  deductions  with  regard  to  the  frequency  of 
^^  southerly  bursters.''  The  variations  in  the  heights  of  the  river  gauge  readings, 
situated  on  the  Darling  and  Murray  rivers,  are  also  brought  in  as  evidence  to 
corroborate  the  rainfall  changes.  A  summary  is  given  of  the  results  obtained 
from  the  data  employed  to  determine  changes  of  long  duration  from  barometric 
and  rainfall  statistics.  The  relation  of  Australian  pressure  changes  to  variations 
in  other  parts  of  the  world,  chiefly  South  America,  South  AJrica,  and  India,  is 
then  discussed,  and  some  facts  are  brought  together  in  which  an  attempt  is  made 
to  point  out  the  similarity  of  air  movements  over  South  America,  South  Africa, 
the  South  Indian  Ocean,  and  Australia. 

The  whole  discussion  is  based  chiefly  on  the  comparison  of  curves,  but  the 
data  from  which  they  have  been  made  are  given  in  detail  in  the  Appendix  for 
reference. 

Some  Facts  about  the  Weather,  A  Popular  Meteorological  Handbook. 
By  William  Marriott,  F.RMet.Soc.,  Assistant  Secretary  and 
Lecturer  of  the  Royal  Meteorological  Society.  Second  and  Eevised 
Edition.  London:  K  Stanford,  1909.  Price  Sixpence.  8vo. 
37  pp. 

This  cheap  little  handbook,  which  is  published  under  the  authority  of  the 
Royal  Meteorological  Society,  has  been  written  to  convey  in  a  popular  form 
most  of  the  leading  facts  about  the  weather  which  apply  to  the  British  Isles. 
The  second  edition  has  been  revised  and  extended  and  brought  up  to  date. 
The  subjects  dealt  with  are : — Weather  Sayings,  Meteorology,  Climate  and 
Weather,  Instruments  for  observing  Weather,  Temperature,  Atmospheric 
Pressure,  Wind,  Moisture,  Cloud,  Rain,  Snow,  Hail,  Lightning,  Thunderstorms, 
Sunshine,  The  Upper  Air,  Weather  Charts,  Vegetation,  Records  of  Phenomena, 
Books  and  Publications  on  Meteorology,  and  Royal  Meteorological  Society. 

The  work  contains  numerous  maps,  charts,  and  illustrations  of  meteorological 
phenomena. 

Untersuchungen  iiber  die  Sdiioankungen  der  NiedersMdge.  Von  G. 
Hellmann.  [Veroffentlichungen  des  Koniglich  -  Preussischen 
Meteorologischen  Instituts,  Nr.  207.  Abhandlungen,  Bd.  Ill, 
Nr.  1.]  Berlin :  Behrend  &  Co.,  1909.  4to.  81  +  28  pp.  Price 
9  marks. 

An  elaborate  memoir  on  the  fluctuations  of  rain&ll  dedicated  by  Dr.  Hell- 
mann to  Prof.  Dr.  Julius  Hann  on  the  occasion  of  his  seventieth  birthday, 
March  23,  1909.  The  author  has  collected  the  rainfalls  from  a  number  of 
stations  with  long  records  in  various  parts  of  Europe,  and  gives  the  average 
monthly  and  annual  rainfall  for  the  50  years  1851-1900,  from  42  stations. 
The  monthly  amounts  of  rainfall  are  given  for  the  55  years  1851-1905,  together 
with  the  average  values  for  the  50  years  1851-1900,  for  28  European  stationa 
Dr.  HeUmann  makes  a  very  full  discussion  of  the  rainfall. 
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METEOROLOGICAL  LITERATURE. 

The  foUowing  titles  of  papers  bearing  on  Meteorology  have  been 
selected  from  the  contents  of  some  of  the  periodicals  and  serials  which 
haye  been  received  in  the  Library  of  the  Royal  Meteorological  Society. 
This  is  not  a  complete  list  of  all  the  published  meteorological  articles,  but 
only  shows  those  that  appear  to  be  of  more  general  interest. 

Abbe,  C.— The  Progress  of  Science  as  illustrated  by  the  Deyelopment  of  Meteorology. 
Smithsonian  JUport^  1907.     Washington,  1908  (287-809). 

Alt,  E. — Die  Doppeloszillation  des  Barometers,  insbesondere  im  arktisohen  Gebiete. 
MeUor.  Znts,,  Brunswick,  26,  1909  (145-164). 

Alton,  C.  D.— Climate  and  Hay-Fever.  Tnms.  Amer.  Cflim,  Ass.,  FhHadelphia,  M, 
1908  (20-28). 

Arotowflkl,  H. — Les  variations  s^ulaires  du  climat  de  Varsovie.  iVae.  nuUematycmo- 
Jizycznych,  Warszawa,  19,  1908  (183-206). 

Anndt,  T. — Ergebnisse  zehnjahriger  Gewitterbeobachtungen  in  Kord-  und  Mittel- 
dentscbland.     AbhancU.  der  Kon^-Preuss.  Met,  Inst.,  8,  No.  2,  Berlin,  1908. 

Assmaim,  B.— Beitrage  zum  Klima  von  Nordemey.  Aus  dem  Arehiv,  Bdniburg,  81, 
1908,  No.  8. 

Aismanii,  S.~Professor  Dr.  Adolf  Sprang.     TFetter,  Berlin,  26,  1909  (25-27). 

Bemaochi,  L.  C— -Results  of  some  Physical  Observations  taken  on  the  National 
AnUrctic  Expedition,  1902-1904.  Bep.  Brit.  Assoc,,  1906,  London,  1909  (645- 
647). 

Bigelow,  F.  H. — Studies  on  the  Vortices  of  the  Atmosphere  of  the  Earth.  Monthly 
JFeather  B»D.,  WashingUm,  86,  1908  (898-404). 

Bonadna,  L.  C.  W.— The  Seasons  and  their  Definition.  Syrnms's  Met,  Mag,,  London, 
44,  1909  (28-81). 

Boatqvln,  A.— L'Ane  centrale.  del  et  Terre,  Brussels,  29,  1909  (587-598,  615-625), 
80,  1909  (1-7,  41-48,  57-68,  105-113,  129-140). 

Bowman,  I. — Man  and  Olimatic  Change  in  South  America.  Oeog,  J,,  London,  88, 1909 
(267-278). 

Bxaii«r,  C.  £.— Les  recherches  sur  I'^vaporation  entreprises  auz  6tats-Unis.  Ann,  Soc, 
Mit,  de  France,  Paris,  67,  1909  (41-45). 

Brodto,  F.  J.— The  Weather  during  the  Agricultural  Year  1907-1908.  /.  B,  Agric. 
Soc.,  London,  69,  1908  (384-398). 

Browning,  C.  C— The  Effect  of  Climatic  Conditions  on  Important  Symptoms  in 
Tuberculosis.     Trans.  Amer.  Clim.  Ass,,  Philadelphia,  84,  1908  (10-14). 

BmnheB,  B. — L'Observatoire  du  Pny  de  Ddme  depuis  1876.  Reprinted  from  Assoeia- 
tionfitmgaise  Clermond-FerraTid,  1908. 

Butelittr,  Dorothy  D.— Experiments  on  Artificial  Fulgurites.  Proc  Phys.  Soc.,  Lond<m, 
21,  1909  (254-260). 

Coronas,  Bey.  J.— The  Hongkong  Typhoon,  July  21-29, 1908.  Bull.  Weaiher  Bureau, 
ManUa,  1908.     Manila,  1909  (204-215). 

Oralg,  J.  I.— A  Meteorological  Exnedition  to  Addis  Abbaba  in  1907.  BeprvnUdfrom 
the  Cairo  Scientific  Journal,  No,  27, 1908. 

Gralg,  J.  L— The  Climate  of  Ancient  Palestine.  Beprinied  from  the  Cairo  Scientific 
Journal,  No.  27,  1908. 

Day,  F.  H.— Deficient  Humidity  Indoors.  Monthly  Weather  Bev,,  Washington,  86, 
1908  (404-407). 

Defuit,  A. — C.  Alessandri,  Messungen  der  Intensitat  der  Sonnenstrahlung  auf  dem 
Monte  Bosa.    Meteor,  Zeits,,  Brunswick,  26,  1909  (54-60). 

Deyerenx,  H.  B.— The  Cyclone  and  Floods  of  January  1907  in  NewtZealand.  Symons*s 
MeL  Mag,,  LoruUm,  44, 1909  (86-87). 
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OlaM,  J.  8.— The  Resalts  of  the  b*Uons-sonde8  Aaoents  in  the  Biitiah  leles  dozing 
the  Interoatiooal  Week,  July  27  to  Aug.  1,  1908.  JUp,  Brit.  Anoc,  IMW, 
London,  1909  (642.644). 

DiBCQiaion  on  the  Isothermal  Layer  of  the  Atmoephere.  Jt^,  BriL  Anoc,  1908,  Londont 
1909  (591-594). 

Diacaasion  on  the  Theory  of  Wave  Motion.  B^p,  BriL  Asboc,  1908,  London,  1909  (605- 
611  and  pi). 

Bokaidt,  W.  R.— Der  Einflnaa  dee  Waldes  auf  dae  Klima.    Deuiseh,  Meteor.  Jahrb., 

1907.  ■  Aachen,  18,  Karlsruhe,  1908  (55-61). 
gvhftim    H. — Om  lufttryckets  andringar  och  darmed  sammanhangande  foreteelser. 

Ymer,  Tidskrifl  a/ Svenska  Ml^petfir  antropologi  oeh  geografi,  1908  (345-406). 

EUoi,  Sir  J.  —Discussion  of  the  Anemographic  Observations  recorded  at  Saugor  laland 
from  Maroh  1880  to  February  1904.  Indian  MeL  Mem.,  CalcuUa,  18,  1909  (128- 
214  and  16  pi.). 

Eliot,  Sir  J. — Discussion  of  the  Anemographic  Observations  recorded  at  Alipore  (Calcntta) 
from  March  1877  to  February  1904.  Indian  Met.  Mem.,  CalcuUa,  18, 1909  (215- 
282  with  14  pi.). 

Eltot,  Sir  J. — A  Discussion  of  the  Anemographic  Observations  recorded  at  Pachmarhi 
from  September  1883  to  April  1887.  Indian  Met.  Mem.,  London,  19,  1908  (1-6S 
and  14  pi.). 

Eliot,  Sir  J.— A  Discussion  of  the  Anemographic  Observations  recorded  at  Nagpar 
from  January  1882  to  December  1902.  Indian  Met.  Mem,,  London,  19,  1908 
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THE   ANTICYCLONIC   BELT   OF   THE  NORTHERN 
HEMISPHERR 

By  Colonel  H.  E.  RAWSON,  CB.,  R.E.,  F.R.Met.Soc. 

[Rcikd  May  19,  1909.] 

In  a  previous  communication  ^  some  facts  regarding  the  anticyclonic  belt 
of  the  southern  hemisphere  were  brought  to  the  notice  of  the  Society, 
derived  from  an  exhaustive  examination,  made  on  the  spot,  of  South 
African  records  from  the  year  1841  to  1906.  The  conclusion  drawn 
from  them  was  that,  short  as  the  period  examined  was,  the  indications 
of  a  cyclical  oscillation  of  the  belt  to  and  from  the  equator  over  South 
Africa  were  strong  enough  to  encourage  the  belief  that  an  analysis  of 
Australian  records  on  the  one  side,  and  of  Argentine  on  the  other,  would 
prove  that  the  movements  of  all  the  action-centres  of  the  atmosphere  were 
related  to  one  another  over  this  wide  area,  and  that  a  similar  oscillation 
existed  in  the  northern  hemisphere.  The  barometric  vanations,  the  excess 
and  deficiency  of  rainfall,  the  changes  in  the  percentage  frequency  of  the 
winds,  which  had  been  recorded  both  at  the  Cape  Town  and  Durban 
Observatories,  supported  as  they  were  by  numerous  ieobaric  charts,  all 
pointed  to  the  years  1884  and  1893  as  those  in  which  the  bdt  was  at 
the  southern  and  northern  extremities  respectively  of  its  swing,  and  to 
the  existence  of  a  cycle  with  a  period  of  1 9  years.  Mr.  H.  C.  RusselFs 
investigations  into  the  good  and  bad  seasons  of  New  South  Wales  which 
favoured  such  a  cycle  for  the  years  1872-96  were  quoted,  but  owing  to 
the  lack  of  all  books  of  reference  on  the  subject  during  my  absence  in 
South  Africa,  I  made  no  allusion  to  his  later  and  much  more  complete 
paper  ''On  Periodicity  of  Good  and  Bad  Seasons,"  which  he  read  before 
the  Royal  Society  of  New  South  Wales  in  June  1896.  I  was  in  fact 
quite  unaware  of  it,  or  I  should  have  called  attention  to  the  strong 

'  QuaH.  Jowm.  Roy.  Met.  Soc.  34,  1908,    p.  165,    "The  Anticyclonic  Belt   of  the 
Southern  Hemisphere." 
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support  it  afforded  to  the   conclusions   drawn  by  me  from  the  South 
African  records. 

Extension  of  the  Inquiry  to  Australia  and  South  America, 

In  that  paper  ^  Mr.  Russell  has  definitely  stated  that,  after  carefully 
examining  the  particulars  of  the  weather  in  the  colony  from  all  sources, 
for  each  year  of  its  history,  and  classifying  the  years  as  good  or  bad, 
that  is  as  having  sufficient  or  insufficient  rainfall,  he  found  that  during 
the  previous  108  years,  since  the  colony  was  founded,  droughts  had 
recurred  at  regular  intervals  of  exactly  19  years.  Moreover,  in  each 
period  of  19  years  there  had  been  two  periods  of  drought  which  were 
most  regular  and  cyclical  in  their  recurrence,  and  lasted  from  3  to  7 
years.  Taking  the  second  year  of  the  three  as  the  centre  of  the 
group,  he  compiled  a  list  of  all  the  droughts  in  New  South  Wales  which 
had  occurred. 

The  most  intense  droughts,  which  he  termed  the  A  series,  are  seen 
to  have  a  19-year  period  dating  from  1885,  and  the  next  important, 
or  the  D  series,  a  similar  period  dating  from  1895.  Observe  the  dates. 
The  droughts  which  I  had  traced  over  latitudes  31 ''-34''  S.  in  South 
Africa,  and  had  explained  by  the  belt  hanging  over  the  district  while  at 
the  extreme  southern  end  of  its  range,  had  a  19-year  period  dating 
from  1884.  New  South  Wales  lies  almost  entirely  between  latitudes 
29''-36°  S.,  and  if  the  belt  of  tb^  southern  hemisphere  oscillates  to  and 
from  the  equator  over  Australia  in  the  same  way  as  it  appears  to  do  over 
South  Africa,  it  would  have  been  hanging  over  New  South  Wales  also 
in  1884,  and  have  commenced  to  return  in  1885  over  a  distriict  already 
partly  desiccated  by  its  previous  passage  southwards.  Such  an  explana- 
tion of  the  principal  A  series  of  droughts  would  then  be  the  same  as 
that  given  by  me  for  the  droughts  in  the  south-west  of  the  African 
Continent,  which  also  lasted  3  ^to  5  years,  and  they  recur  in  the 
same  years.  If  the  range  of  the  belt  in  latitude  over  Australia  is 
similar  to  that  over  South  Africa,  its  central  axis  would  be  two  degrees 
to  the  north  of  New  South  Wales,  when  it  was  in  its  most  northerly 
position  in  1893.  New  South  Wales  would  then  be  not  so  completely 
under  the  influence  of  the  belt,  and  it  would  not  be  till  a  year  later  that 
it  would  be  otice  more  fully  experiencing  anticyclonic  conditions.  The 
facts  given  by  Mr.  Russell  completely  bear  out  such  a  theory,  for  he 
found  that  the  droughts  of  the  D  series  were  not  so  intense  as  those  of 
the  A  series,  nor  did  they  last  so  long,  and  the  year  he  dates  the  series 
from  is  1895  and  not  1894. 

Dr.  J.  W.  S.  Lockyer  has  made  a  special  examination  of  the  Australian 
barometric  records  in  connection  with  his  study  of  the  pressure  variations 
of  long  duration  over  large  areas  of  the  globe,  and  has  followed  up  in  a 
special  paper  the  idea  of  a  barometric  see-saw  existing  between  India, 
Australia,  and  South  America.^  He  has  published  curves  to  illustrate  the 
pressure  changes  of  short  duration  (which  he  has  found  at  a  great  many 
stations  average  about  4  years)  occurring  in  the  Australian  area.  The 
records  of  Melbourne  (lat.  37""   46'),    Adelaide  (lat.  34**  58'),   Sydney 

1  Proc.  Roy.  Soc.  Nw  South  Wales,  1896. 
'  Roy,  Soc  Proc,  78,  1906,  p.  48. 
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(lat.  34°),  and  Perth  (lat.  31°  56')  are  plotted  for  each  year,  and  the 
curves  obtained  are  in  addition  smoothed  so  as  to  eliminate  the  4-year 
variation,  after  the  manner  always  adopted  by  Dr.  Lockyer  in  these 
investigations.  In  ordor  to  make  a  closer  comparative  study  of  the 
variations  of  Australia  and  South  America,  he  has  drawn  a  hypothetical 
curve  embodying  the  main  features  of  the  pressure  changes  at  these 
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Fios.  1-5. — Carves  to  illustrate  the  Pressure  and  Nile  Flood  Changes  of  Long  Duration 
after  elimination  of  the  4 -year  variation.  The  thick  continuous  and  dotted  vertical  lines 
denote  the  epochs  of  sunspot  maxima  and  minima  as  determined  from  the  mean  daily  areas 
of  both  hemispheres  of  the  sun. 

stations,  to  indicate  in  a  single  curve  the  general  nature  of  the  variations 
in  that  area  as  regards  their  epochs  of  maxima  and  minima.  He 
summarises  his  conclusions  as  follows :  "  The  epochs  of  the  two  principal 
maxima  for  the  Australian  area  are  seen  to  occur  at  about  1868  and  1887, 
while  three  subsidiary  maxima  are  suggested  at  about  the  years  (1858  ?), 
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1878,  and  (1898 1),  but  the  epochs  of  the  first  and  last  of  these  are  very 
uncertain,  as  the  curves  do  not  extend  over  a  sufficiently  long  period  of 
time.  Nevertheless,  it  may  here  be  remarked  that  the  interval  between 
the  two  chief  maxima  is  19  years,  while  those  between  the  successive 
secondaiy  maxima  are*  about  the  same  length."  I  have  reproduced  in 
Fig.  3  Dr.  Lockyer's  hypothetical  curve  in  which  the  19-year  inter- 
vals between  the  chief  maxima  about  1868  and  1887,  and  between 
the  secondary  maxima  about  1878  and  1898,  are  shoym.  In  Fig.  1  I 
have  plotted  Dr.  Lockyer's  sunspot  curve,  and  in  Fig.  2  barometric  means 
to  illustrate  the  pressure  curve  for  Durban,  eliminating  the  4-year  varia- 
tion by  the  process  he  adopts.^  The  principal  maximum,  which  appears 
in  1887  and  1888,  and  gives  to  the  curve  a  striking  resembknce  to  the 
Australian  hypothetical  curve,  is  also  accompanied  by  two  subsidiary 
maxima  in  1875-6  and  1899,  and  I  am  of  opinion  that  the  cause  must  be 
the  same  in  both  cases.  But  in  that  of  the  Durban  barometric  variations 
and  the  accompanying  changes  in  rainfall,  I  attributed  the  record  pressure 
in  1887,  with  its  deficient  rainfall,  to  the  position  of  the  belt  over  Natal 
during  that  year ;  while  in  the  years  1878  and  1899  it  was  again  passing 
over  this  area,  and  bringing  high  pressure  and  drought  to  Durban  in  its 
cyclical  march  to  and  from  the  equator.  In  1899  the  mean  annual 
pressure  was  the  second  highest,  after  1887,  which  has  ever  been  recorded 
at  Durban  Observatory.  The  rainfall  records  for  1878  and  1899  were  the 
two  lowest.* 

I  submit,  therefore,  that  the  maxima  in  the  two  curves  are  due  to  one 
and  the  same  cause ;  and  having  found  reason  to  believe  that  in  the  case 
of  South  Africa  they  were  due  to  the  belt  passing  to  and  fro  over  the 
district,  we  are  justified  in  thinking  that  in  that  of  Australia  they  are 
due  to  it  oscillating  over  New  South  Wales  in  the  same  years.  The 
principal  maxima  synchronised  with  its  passage  from  its  most  southern 
{)osition  on  its  way  towards  the  equator,  and  the  subsidiary  maxima  with 
that  from  the  equator  to  the  pole.  Whether  any  significance  is  to  be 
attached  to  this  must  be  decided  by  future  investigation.  The  time-phase 
is  practically  the  same  for  both  Durban  and  Australia,  but  it  is  clear  that 
the  latitudes  of  the  places  Dr.  Lockyer  examined  require  to  be  taken 
into  consideration.  He  has  referred  in  his  paper  to  the  detection  by  Mr. 
Eussell  of  a  19-year  period  of  rainfall  change,  but  he  claims  that  the  long 
barometric  swing  of  19  years  in  Australia  had  not  previously  been  pointed 
out.  He  states  that  so  far  as  his  research  has  gone  no  explanation  can 
be  found  of  the  cause  of  this  pronounced  19-year  pressure  variation,  but 
that  there  seems  evidence  to  suggest  that  it  is  due  to  solar  action 
modified  by  some  terrestrial  cause.  If  the  oscillation  of  the  Australian 
high-pressure  system  belonging  to  the  southern  anticyclonic  belt  is  proved 
to  be  taking  place,  as  I  ventured  to  suggest  it  would  be  before  I  became 
aware,  owing  to  my  absence  in  South  Africa,  of  Dr.  Lockyer's  investiga- 
tions, all  the  above  facts  are  readily  explained. 

1  To  eliminate  as  far  as  possible  the  prominent  short  variations  which  appear  in  so  many 
corves,  Dr.  Lockyer  groups  the  years  in  sets  of  four,  and  employs  the  mean  values  of  each 
group,  plotting  the  value  thus  obtained  at  the  end  of  the  second  year  of  the  group  of  which 
it  is  the  mean.  Fig.  2  is  drawn  to  the  same  scale  as  his  plates.  Throughout  this  discussion 
the  references  are  chiefly  to  these  curves,  and  not  to  those  which  are  not  smoothed. 

^  Unfortunately  there  was  a  change  of  stations  at  which  the  Durban  observations  were 
taken,  and  it  is  only  since  1884  that  they  have  been  made  at  the  Observatory. 
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The  cause  of  the  oscillation  remains,  however,  to  be  considered  on 
some  future  occasion. 

In  addition  to  Dr.  Lockyer,  Mr.  D.  E.  Hutchins,  who  is  well  known 
for  the  part  he  is  taking  in  endeavouring  to  connect  the  pressure-variations 
of  South  Africa  with  those  of  India,  has  examined  the  barometric  records 
of  some  of  the  Australian  stations.  I  referred  in  my  previous  paper  to 
his  exhaustive  investigations,  which  he  published  in  1889,  regarding 
droughts  and  good  seasons  in  South  Africa.^  While  endeavouring  to 
trace  the  Sunspot  Cycle  in  the  meteorology  of  South  Africa  he  was 
unable  to  coax  into  it,  as  he  says,  even  by  "  irregular  mitigations "  or 
"  cyclical  mitigations,"  certain  very  pronounced  cyclical  phenomena  found 
occurring  on  the  Atlantic  side  of  the  continent.  There  was  a  secondary 
cycle,  associated  with  low  readings  of  the  barometer,  and  with  floods  and 
storms,  to  which  he  gave  the  name  of  the  Storm  Cycle,  which  quite 
obliterated  the  Sunspot  Cycle.  It  reckoned  baek  correctly  for  seven  cycles 
with  a  period  of  9*5  years,  or  if  an  old  date  in  Cape  history,  1652,  were 
included,  when  the  rare  phenomenon  of  snow  on  Table  Mountain  occurred 
similar  to  1888,  the  more  precise  value  of  9*43  years  could  be  assigned  to 
it.  He  traced  the  appearance  of  the  Cape  Storm  Cycle  in  the  Mauritian 
rainfall,  and  then  extending  his  inquiry  to  Australia  he  examined  some  of 
its  barometer  records.  He  summed  up  his  conclusions  in  the  following 
words :  "  This  fragment  of  the  meteorological  records  from  Adelaide 
follows  so  closely  the  cycles  of  an  eastern  station  near  the  coast  of  South 
Africa  "  [notice  the  question  of  latitude  contained  in  this]  "  that  I  have 
no  hesitation  in  predicting  that  an  extended  examination  of  Australian 
stations  will  show  a  cyclical  variation  of  climate  almost  identical  with 
that  of  South  Africa."     His  cycle  was  one  of  9  5  years,  and  not  19  years. 

Dr.  Lockyer  has  also  examined  the  barometric  records  of  South 
America  in  the  course  of  his  study  of  the  barometric  variations  of  long 
duration  over  large  areas.  He  has  constructed  curves  to  illustrate  the 
pressure  changes  at  Santiago  (lat.  33°  30'),  San  Juan  (lat.  3V  30'), 
Cordoba  (lat.  3V  25'),  Goya  (lat.  29°  7'),  and  Curityba  (lat.  25°  20'), 
and  has  deduced  from  them  a  hypothetical  curve  for  South  America  by 
a  similar  process  to  that  adopted  for  Australia.  Its  two  principal  maxima 
are  seen  to  occur  in  1874  and  1893,  again  indicating  the  existence  of  a 
19-year  interval.  These  years  are  identical  with  those  in  which,  according 
to  my  analysis,  the  belt  reached  its  most  northerly  position  across  South 
Africa,  and  ought,  according  to  the  theory  advanced,  to  be  affecting  these 
districts  of  South  America.  Looking  at  the  latitudes  of  the  stations 
whose  records  he  examined,  especially  that  of  Cordoba,  which  is  such  an 
important  place  in  all  his  investigations,  we  cannot  but  conclude  that 
they  are  near  the  position  occupied  by  the  belt  when  it  is  nearest  to  the 
equator,  and  that  in  this  case,  as  in  those  of  Australia  (Fig.  3)  and 
Durban  (Pig.  2),  the  American  curve,  with  its  principal  and  subsidiary 
maxima,  is  to  be  explained  in  exactly  the  same  way,  viz.  by  the  cyclical 
oscillation  of  the  southern  belt. 

Corroborative  evidence  can  also  be  drawn  from  Kussell's  paper. 
Amongst  the  droughts  which  he  found  to  have  occurred  in  the  southern 
hemisphere  at  the  same  epochs  as  those  of  the  A  series  in  New  South  Wales 
(which  have  been  identified  with  the  southern  position  of  the  belt  in  this 

^  Cycles  of  Draught  and  Oood  Secuons  in  South  Africa^  by  D.  E.  Hutching,  1889. 
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paper),  he  has  described  two  as  having  been  exceptionally  severe  over 
the  Argentine  Republic:  one  in  1885,  and  another  in  1827-8-9,  which 
is  still  spoken  of  as  "  II  gran  seco,"  and  lasted  all  these  years  over  the 
Pampas  and  the  Chaco  of  La  Plata,  and  especially  affected  the  northern 
part  of  Buenos  Ay  res  and  the  southern  part  of  Santa  F^  (ie.  the  districts 
between  lats.  33°  and  36°  S.,  or  south  of  the  region  included  in  Dr. 
Lockyer's  inquiry).  Darwin,  who  arrived  in  H.M.S.  Beagle  in  1832, 
gives  a  graphic  account  of  the  sufferings  of  live-stock  during  this  long 
drought,  and  concludes  by  saying :  "  These  droughts  to  a  certain  degree 
seem  to  be  almost  periodical ;  I  was  told  the  dates  of  several  others,  and 
the  intervals  were  about  15  years."  If  a  period  of  3  to  4  years  is  allowed 
for  the  duration  of  these  exceptional  droughts,  an  interval  of  15  years 
would  point  to  their  recurrence  each  19  years,  and  these  historical 
droughts  of  1885  and  1828  would  be  explained  by  the  belt  persisting 
over  these  latitudes  of  South  America  while  at  the  extreme  southern  end 
of  its  swing,  just  as  in  the  cases  of  South  African  and  Australian 
droughts.  Buenos  Ayres,  Monte  Video,  Cape  Town,  and  Sydney  are  all 
very  nearly  situated  on  lat.  34*^  S. 

If  it  is  considered  that  Dr.  Lockyer,  Mr.  Eussell,  and  myself  approached 
this  inquiry  from  very  different  standpoints  and  quite  independently,  the 
agreement  between  the  theory  advanced  and  the  facts  that  have  been 
brought  together  is  remarkable. 

Extension  of  the  Inquiry  to  the  Northern  Hemisphere, 

The  independent  evidence  in  favour  of  the  cyclical  oscillation  of  the 
anticyclonic  belt  of  the  southern  hemisphere  is  so  strong  that  I  am 
encouraged  to  extend  the  inquiry  to  the  movements  of  the  action-centres 
of  the  atmosphere  in  the  northern  hemisphere  with  a  view  to  ascertaining 
whether  they  show  any  similar  oscillation  to  and  from  the  equator,  which 
is  not  to  be  explained  by  seasonal  changes  of  position.  Evidences  of  the 
existence  of  some  kind  of  oscillation  have  been  previously  detected  in 
the  varying  paths  followed  in  successive  years  by  the  so-called  permanent 
anticyclonic  systems.^  The  question  now  before  us  becomes.  Is  a  similar 
oscillation  traceable  over  large  areas  of  the  northern  hemisphere,  and  is 
it  possible  to  determine,  in  spite  of  the  unstable  conditions  which  exist 
there,  whether  it  is  of  like  or  unlike  phase  to  that  in  the  southern  ?  If 
the  oscillation  is  of  like  phase  the  high-pressure  systems  composing  the 
northern  belt  will  be  found  moving  away  from  the  equator  as  the 
southern  belt  moves  towards  it,  and  vice  versd ;  if  it  is  of  unlike  phase, 
both  belts  will  move  together  towards  or  away  from  the  equator,  in  the 
same  manner  as  I  have  pointed  out  the  belts  of  Jupiter  behave  as  that 
planet  approaches  or  recedes  from  the  sun. 

To  help  us  in  this  inquiry,  we  fortunately  have  ready  to  our  hand  the 
magnificent  researches  into  barometric  see-saws  by  meteorologists  of  all 
nations.  In  this  country  we  have  more  particularly  those  of  Sir  Norman 
Lockyer  and  Dr.  Lockyer,  who  have  acknowledged,  in  their  communica- 
tions to  the  Royal  Society,^  their  indebtedness  to  others  where  this  was 
necessary.     For  the  sake  of  brevity  my  references  must  be  confined  to 

1  Quart,  Journ,  Roy,  Met,  Soc  24,  1898,  p.  180. 
«  Proe.  Roy,  Soe,  70, 1P02,  p.  600  ;  71,  1903,  pp.  134,  244,  446  ;  73,  1904,>p.  142,  457. 
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their  work  alone  on  this  occasion,  my  object  in  the  present  paper  being 
to  obtain  a  discussion  of  the  facts  which  are  brought  to  light  by  the 
investigation,  and  not  to  present  a  complete  statement  regarding  the 
existence  of  barometric  see-saws  over  the  surface  of  the  globe.  Sir 
Norman  and  Dr.  Lockyer  have  discovered  the  two  standard  and  inverse 
types  of  pressure  at  Bombay  and  Cordoba,  and  in  doing  so,  have  enabled 
me  to  connect  up  the  oscillation  of  the  southern  with  that  of  the  northern 
belt,  the  result  of  which  I  now  proceed  to  put  before  the  Society. 


TABLE  I. 


-Ratios  of  Annual  Nile  Floods  to  Mean  Flood,  and  Pressure 
Anomalies  in  North-£ast  Africa,  1865-1905. 


1ST  Sbribs. 

1860. 

1870. 

1871. 

1872. 

1878.    i    1874. 

1875. 

1876. 

1877. 

1878. 

1 
1879.   1  Remarks. 

Floods     . 
Pressure  1 
Anomaly  J 

m8 
mm.  -  0-67 
ins.   -'026 

1-23      1-05 
-o-i2'-o-49 
-•005    -K>19 

Ill 

-0-49 
-•019 

0.84 

+  0-43 

+  •017 

1-26 

-1-0-36 
+  •014 

110 

-0-14 
-<o6 

1-09      070!      125 
+  0-16  +0-91  j  -0-86 
-h-oo6  +-036|  --034 

M4I  In  excess. 
- 1-15  1  Deficient. 
-•065 

aND  Series. 

1880. 

1881. 

1882. 

1883. 

1884. 

1885.    :    1886.    '    1887. 

1888.    1 

Remarks. 

Floods     . 
Pressure  \ 
Anomaly/ 

0.98 

mm.-t-o-ii 
ins.  -(-•004 

0-93 

-l-O-II 

+  •004 

084 

-I-0-60 

+  •024 

1.04 
-1-0.39 
-I--OI5 

0-83 1    0-99      0-91       M9 
+0^5' +002  +0-17   -0-47 
-h.037!  +  .ooi  +KX)7  --019 

072         

-0-06         

-•002 

Deficient. 
In  excess. 

3RO  Series. 

1889. 

1890. 

1891. 

1892. 

1893. 

1894. 

189J. 

1896.    1    1897. 

IS'JS. 

Floods     . 
Pressure  ^ 
Anomaly/ 

ICO 

mm.  -  0-45 
ins.   --018 

I-I2 
-0.28 

-on 

I-OI 
+  0-42 
-H-OI7 

I '20 
-0-52 
-.020 

0.99 

-0-22 
-.009 

1-22 

-0.38 
-K)I5 

M5 

+0.33 
+  013 

106       089  1        I  07 
-1- 0-09  i-f- 0-06! -0-005 
-H -004    + -002 

In  excess. 
Deficient. 

4TH  Series. 

1899. 

1900. 

1901. 

1 
1902.    1    1908.        1904. 

1       1       1        ' 

i9a5.             '           1 

Remarks. 

Floods     .               0-63 
Pressure  \!    ^  ^r^e^ 
Anomaly);°"-+^-54 

ins.   +-02I 

0-89 
+  0-30 
+  •012 

0-87 

-.004 

0.63       0.89 

-ho-ii  -I-0-30 

+  •004    -I-.OI2 

075 

0-65      ...                 1  Deficient. 

1      ...          ...     !  In  excess. 

It  is  necessary  at  this  point  to  repeat  the  table  of  excess  and  deficiency 
of  Nile  floods  during  the  period  1869  to  1905  which  I  gave  in  my 
previous  communication,  in  order  to  show  that  the  cyclical  changes  in 
latitude  taking  place  in  the  southern  belt  made  themselves  felt  as  far 
north  of  the  equator  as  the  Upper  Nile  basin.  Captain  Lyons,  from 
whose  reports  as  Director  of  the  Egyptian  Survey  Department  I  obtained 
my  information,  has  gone  very  fully  into  the  seasonal  oscillations  of  the 
equatorial  rain-belt,  and  the  consequent  rainfall  over  the  Upper  Nile 
basin.  In  the  following  table  I  have  grouped  into  four  series  the  ratios 
to  an  average  flood  during  a  period  of  34  years,  which  have  been  com- 
puted by  him  for  each  year  of  the  period,  1869  to  1905.  And  I  have 
added  the  pressure  anomaly  which  he  has  traced,  by  means  of  the  Cairo 
barometric  records,  to  be  closely  associated  with  the  variations  of  the 
Nile  floods. 

I  would  remind  you  that  the  1st  and  3rd  series,  when  floods  were  in 
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excess,  were  found  to  correspond  with  remarkable  exactness  to  those 
years  when  the  southern  belt  was  north  of  its  mean  cyclical  position 
across  South  Africa,  while  the  2nd  and  4th  series  contain  the  years 
when  it  was  south  of  it ;  and  that  this  correspondence  was  considered  to 
indicate  that  the  equatorial  belt  was  shifting  its  latitude  northwards  and 
southwards  with  the  southern  belt  The  pressure  anomaly  is  taken  from 
a  paper  communicated  to  the  Boyal  Society  by  Captain  Lyons  "  On  the 
Relation  between  Variations  of  Atmospheric  Pressure  in  North-East  Africa 
and  the  Nile  Flood."  1 

He  has  analysed  in  it  the  pressure  variations  of  a  number  of  stations 
in  the  African  and  Mediterranean  areas,  and  by  a  comparison  of  the 
monthly  pressure  anomalies  with  the  excess  or  deficiency  of  the  flood,  he 
has  found  that  a  remarkably  close  connection  exists  between  the  two  in 
many  cases,  and  especially  in  those  of  Beirut,  Cairo,  and  Aden.  The 
rainfall  which  affects  the  Nile  flood  occurs  chiefly  in  the  months  of  June 
to  September,  and  by  comparing  the  mean  of  the  mean  anomalies  of  these 
months  with  the  floods  he  has  found  the  rule  to  hold  that  -  anomalies 
coincide  with  floods  above  the  average,  and  +  anomalies  with  floods 
below  it.  In  Table  I.  the  mean  pressure  anomalies  which  he  worked  out 
for  Cairo  for  the  years  1869  to  1903  have  been  inserted,  and  it  is 
apparent  that  they  are  remarkably  closely  connected  with  the  flood. 
There  are  only  nine  exceptions  to  the  rule,  and  Captain  Lyons  examines 
each  of  them  in  relation  to  the  pressure  at  Beirut,  Alexandria,  Aden,  and 
Zanzibar,  and  concludes  that  only  the  two  years  1883  and  1895  are  in 
real  disagreement.  It  is  somewhat  remarkable  from  the  point  of  view 
of  the  present  inquiry,  that  these  exceptions  occurred  when  the  southern 
belt  was  at  the  extreme  ends  of  its  swing.  It  is  also  deserving  of 
attention  that  no  less  than  six  out  of  the  nine  exceptions  occurred  round 
the  years  1875  and  1893,  when  the  southern  belt^  according  to  my  theory, 
was  nearest  to  the  equator,  both  in  consequence  of  its  cyclical  oscillation 
and  its  known  seasonal  migration  in  the  months  of  June  to  September. 

But  pressure  variations  at  the  Mediterranean  and  African  stations 
must  be  chiefly  influenced  by  the  neighbouring  action-centres  of  the 
atmosphere ;  and  if,  as  Hildebrandsson  considers  probable,  [there  is  an 
intimate  relation  between  them  all,  the  pressure  in  Egypt  will  vary 
according  as  the  high-pressure  systems  are  nearer  to  or  farther  away 
from  that  area.  Captain  Lyons  Yi&s  pointed  out  that  in  the  Mediterranean 
area  the  pressure  anomalies  in  summer  are  generally  of  the  same  character 
as  those  of  Cairo  and  Beirut,  but  those  of  the  Azores  (Ponta  Delgada)  and 
Lisbon  are  usually  inverse.  Egypt  and  Abyssinia  in  their  pressure 
anomalies  in  the  summer  months  usually  agree  with  the  Indian  or 
( + )  ^yp^  o^  pressure,  but  occasionally  revert  for  a  year  or  two  to  the 
opposite  type. 

It  is  a  justifiable  inference,  then,  that  the  high-pressure  systems  which 
affect  North-East  Africa  will  be  farther  north  when  the  Nile  floods  are  in 
excess,  and  nearer  to  Egypt  when  they  are  deficient.  The  Nile  floods 
have  been  shown  to  be  in  excess  when  the  southern  belt  was  north  of  its 
mean  position,  and  deficient  when  it  was  south  of  it ;  we  therefore  arrive 
at  the  first  indication  of  importance  regarding  the  oscillation  of  the  high- 
pressure  systems  in  the  northern  hemisphere.     If  our  reasoning  is  correct 

^  Proe,  Roy,  Soc.  A  76,  1905,  p.  66. 


Digitized  by 


Google 


RAWSON— ANTICYCLONIC  BELT  OF  NORTHERN  HEMISPHERE     241 

they  must  oscillate  to  and  from  the  equator  in  like  phase  with  the  southern 
belt,  moving  south  when  that  belt  is  going  towards  the  pole,  and  north 
when  it  is  receding  from  it. 

With  this  clue  we  are  now  in  a  position  to  test  the  charts  which  I 
brought  before  the  Society  in  1898  in  connection  with  the  changes  in 
the  seasonal  positions  of  the  anticy clonic  systems  during  the  years  1881- 
1891.  Though  the  scale  is  too  small  and  the  information  regarding  the 
exact  position  of  the  Atlantic  system  too  scanty  to  justify  any  conclusion 
to  be  drawn  from  its  movements  in  these  years,  the  very  southerly 
position  of  the  Scandinavian  system  in  1884  and  1885  compared  with 
1890  and  1891,  and  the  fact  that  the  Atlantic  system  is  found  in  1885 
in  the  most  southerly  position  it  occupied  in  any  January,  are  evidences 
in  favour  of  my  conclusion.  We  have  another  means  of  testing  the 
matter. 


Evidences  of  an  Oscillation  afforded  by  the  Tracks  of  Hurricanes, 

In  studying  the  oscillations  of  the  southern  belt  I  derived  much 
information  from  an  analysis  of  the  hurricane-tracks  near  Mauritius, 
compiled  by  the  Meteorological  Council  in  1891  for  the  period  1848- 
1885.  They  afforded  strong  grounds  for  thinking  that  such  tracks  are 
much  influenced  by  the  seasonal  positions  of  the  high-pressure  system  ad- 
joining that  area.  '  I  therefore  turned  to  the  records  published  in  1897,  by 
Eev.  J.  Algu^,  Director  of  the  Manila  Observatory,  in  Baguios  6  Ciclones 
FilipinoSy  by  which  he  had  been  enabled  to  point  out  the  places  of  origin, 
the  paths  and  the  zones  of  the  hurricanes  of  the  Far  East,  from  June 
1878  to  1897.  The  facts  which  he  has  given  throw  an  interesting  light 
upon  the  oscillations  of  the  action-centres  of  the  atmosphere,  for  he  con- 
nects both  the  paths  followed  by  the  typhoons  and  their  places  of  origin 
with  the  seasonal  positions  of  the  Siberian  and  Pacific  high-pressure 
systems,  as  well  as  with  the  centres  of  low  pressure  in  Hindustan  and  the 
Behring  Sea.^  He  found  that  as  the  high  pressure  developed  in  Asia  in 
the  autumn,  having  migrated  southwards  after  September,  it  pushed  the 
hurricanes  down  into  lower  latitudes.  Between  1879  and  1896  he  traced 
85  hurricanes  which  passed  to  the  north  of  Manila,  and  81  which  passed 
to  the  south  of  it.  The  following  table  is  arranged  in  such  a  way  as  to 
show  how  they  were  distributed  between  the  several  months,  according 
to  the  groups  he  adopted  to  illustrate  the  connection  between  the  seasons 
and  the  latitudes  frequented  by  the  hurricanes. 

The  following  inferences  may  be  drawn  from  Table  II. : — 
(1)  The  absence  of  all  hurricanes  to  the  north  of  Manila  during  the 
months  of  December  to  April  indicates  that  they  are  pushed  too  far  south 
in  these  months  for  Manila  to  feel  them.  Senor  Algu6  records  that  the 
place  of  origin  in  the  first  group  lies  between  lats.  5°  and  12°  N.,  which 
is  a  considerable  distance  to  the  south  of  Manila  (lat.  14°  35'  N.).  We  find 
also  from  his  observations  that  the  barometric  pressure  of  757-759  mm. 
(29'803-29'882  ins.),  which  fosters  the  formation  and  favours  the  passage 

^  A  translation  of  a  lecture  given  by  Dr.  Paul  Bergholz  before  the  German  Association  in 
Munich,  which  appeared  in  the  Meleordogischt  ZeUschrift,  1900,  p.  71,  wiU  be  found  in  the 
Quart.  Jour.  Roy,  Met.  Soc.  26,  1900,  pp.  166-168.  The  conclusions  expressed  are  those 
of  Rev.  J.  Algu^. 
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of  hurricanes,  is  not  recorded  north  of  lat.  10"^  N.  as  a  rule  from  December 
to  April. 

TABLE  II.— Analysis  of  the  Hurricanes  which  passed  North  and  South  of 
Manila  Observatory,  1879-96. 


Ybar. 


(December . 
January  . 
February  . 
March  .  . 
(April  .  . 
May  .  . 
October  . 
November . 


?'s  $'i 


nunc 


Third  J  July 
Group  j  August .    . 
V  September 


I    3    1,1 

...I  I  ...'.. 

1  I...  I  I  I 

l|2    ...'  I 

2  ;  1  ...  2 


I  I 

I  .., 

3  I 

I  2 

I  ... 


I 


...11 
2     I 


I 


2     2|... 
I  '...'  I    ...... 

..'511    ...'2 


.  I 


I    .. 

4    1 
I  ... 


tit 
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I    3   5|4   2 


2 

5 

3 

20 
II 
29J 


/*  December . 
First  |  January  . 
Group  1  February    . 

V  March  .     . 

(April  .  . 
May  .  . 
October  . 
November . 
rjune      .     . 


;2|...ii,. 


Third 
Group  " 


July 
August  .     . 
.September 


...<  I  I 

1  ...  2 
i...  I  2 

2  I  I 


I  I  I 


I  ...'...  I 

I  ;...'. ..'31...'  I 
...1   I     ...     I   |...  ... 

,..:...|...!i!ii 
I ' 


•  3  2 


...|  2 
I  2 
,..'  2 


I 


I 


12-1 


..    I 
..    I 


,,... 


(2)  The  monthly  mean  pressure  at  Manila  in  September  is  757'1  mm. 
(29-807  ins.);  in  October  7582  mm.  (29850  ins.);  and  in  November 
759  2  mm.  (29*890  ins.).  In  November  the  "crossing  line"  is  reached, 
and  hurricanes  pass  more  frequently  to  the  south  of  Manila  than  to  the 
north  of  it.  It  is  noticeable  that  cases  begin  to  be  recorded  in  January 
1890  after  an  interruption  of  more  than  11  years,  and  that  in  the  follow- 
ing years  1891-4  they  reappear  in  December  after  an  interval  of  4  years. 
Then  in  1894  the  number  of  cases  south  of  Manila,  in  the  first  group, 
reached  the  maximum  during  the  period  investigated.  We  may  conclude, 
therefore,  that  the  paths  of  the  hurricanes  were  not  being  pushed  so  far 
southwards  from  1890  onwards,  and  that  in  1894  the  Siberian  system 
was  abnormally  far  north  during  winter. 

Hence  we  obtain  from  the  tracks  of  the  hurricanes  in  the  Philippine 
Archipelago  corroborative  evidence  that  the  northern  belt  of  which  the 
Sibenan  system  forms  a  part  was  in  the  position  we  have  assigned  to  it 
in  1894,  viz.  north  of  its  mean  latitude. 

Sefior  Algu6's  report  is,  unfortunately,  written  in  Spanish,  but  it 
contains  a  number  of  facts  worthy  of  study  which  are  suggestive  of,  and 
can  be  explained  by,  the  existence  of  an  oscillating  belt.  I  have  examined 
the  daily  isobaric  charts  of  this  region,  prepared  at  Washington  from 
the  simultaneous  International  Observations  taken  during  1878-88,  and 
have  found  that  an  oscillation  of  the  Siberian  high-pressure  system  to 
and  from  the  equator  is  clearly  indicated.^ 

^  Just  as  this  paper  is  leaving  my  hands  comes  a  communication  from  Rev.  J.  Algne  to 
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Corroborative  Evidmce  from  the  Barometric  See-saw  of  the  Lockyer  Researches. 

Both  Hildebrandsson  and  Algu6  have  found  that  India,  situated 
between  the  Siberian  and  Australian  high  pressure  systems,  is  influenced 
by  both  of  them;  but  more  especially  by  the  Siberian.  With  the 
additional  clue  regarding  the  position  of  the  latter  system  in  1893  and 
1894,  which  has  been  obtained  from  the  tracks  of  the  typhoons  in  the 
Far  East,  we  can  approach  Sir  Norman  and  Dr.  Lockyer's  researches  into 
*  the  world-wide  barometric  see-saw,  which  they  first  observed  to  be  taking 
place  between  India  and  Cordoba.  The  important  part  which  the  plateau 
of  Iran  plays  in  determining  and  modifying  the  weather  in  India  during 
the  cold  season  has  long  been  established  by  the  monsoon  charts.^  It  is 
the  plateau  area  of  Persia  and  Baluchistan  which  is  during  the  cold 
weather  in  the  southern  quadrant  of  the  great  anticyclone  lying  over 
Central  Asia  and  Russia.  We  might  expect,  therefore,  to  be  able  to  draw 
from  Indian  records  information  bearing  upon  the  position  of  the  northern 
belt  in  successive  years.  In  the  researches  into  the  see-saw,  curves  have 
been  plotted  representing  the  barometric  changes  of  short  duration  at 
Bombay,  Madras,  and  Calcutta,  and  have  been  smoothed  to  eliminate 
the  4-year  variations  by  the  process  already  referred  to.  Dr.  Lockyer 
states  that  the  curve  for  Madras  suggests  maxima  about  19  years  apart, 
which  in  this  respect  conform  with  those  of  the  curve  for  Sydney.  The 
minima  occur  at  1874-5  and  1894-5  (again  indicating  the  northerly 
position  of  the  Siberian  system  in  the  latter  years,  and  pointing  to  the 
possibility  of  a  1 9-year  period  in  this  respect  also).  Strong  grounds  also 
have  been  found  by  him  for  concluding  that  the  Australian  pressure  varia- 
tion is  allied  to,  but  is  in  part  a  modification  of,  the  Indian  variation,  which 
would  naturally  be  the  case  if  the  theory  I  have  advanced  for  consideration 
is  true.  When  the  curves  for  Bombay  and  Madras  are  compared  with 
those  for  Adelaide,  Melbourne,  Sydney,  and  Perth,  the  general  resemblance 
is  very  stiiking,  and  in  the  recent  publication  by  the  Solar  Physics 
Committee '  Australia  is  definitely  represented  as  being  of  the  Indian 
or  (  -f-  )  type  of  pressure.  Cordoba,  on  the  other  hand,  is  shown  as  being 
of  the  (-)  type,  and  to  be  subject  to  barometric  changes  which  are 
almost  exactly  iv,verse  to  those  of  the  Indian  area.  And  yet  the  researches 
prove  that  the  Australian  and  Cordoba  types  are  not  inverse  to  one 
another,  but  differ  by  a  time-phase  of  6  years.  But  we  have  seen  in  the 
present  inquiry  that  Dr.  Lockyer's  hypothetical  curve  for  the  South 
American  area,  which  is  largely  influenced  by  the  variations  at  Cordoba, 
supported  the  theory  that  the  barometric  pressure  over  this  region,  as 

the  Society,  reporting  that  the  year  1908  had  been  a  remarkable  one  for  typhoons  in  the 
vicinity  of  Manila.  He  specially  alludes  to  one  which  ptissed  to  the  north  of  the  Observatory 
on  November  20,  between  parallels  16' and  17"  N.,  which  he  describes  as  an  extraordinary 
track  for  such  a  late  season  of  the  year.  Four  years,  therefore,  before  the  belt  will  reach  its 
most  northerly  position  (1912)  we  find  typhoons  following  a  more  northerly  track  than  they 
do  as  a  rule,  just  aa  in  1890,  or  four  years  before  1894,  they  were  following  a  track  in 
January  which  brought  them  far  enough  north  to  influence  Manila  for  the  first  time  on  record. 
It  is  clear  that  the  position  of  the  northern  belt,  if  my  theory  is  correct,  is  all -important  to 
these  regions  in  the  typhoon  season. 

1  India  Weather  Review,  1893. 

*  Monthly  Mean  Values  of  Barometric  Pressure  on  7S  selected  Stations  over  the  Marthas 
Sur/aoei  1908.     Compiled  under  the  direction  of  Sir  Norman  Lockyer. 
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well  as  over  South  Africa  and  Australia,  was  controlled  and  modified  by 
the  southern  belt  as  it  oscillated  to  and  from  the  equator. 

I  suggest  that  the  difficulty  Sir  Norman  and  Dr.  Lockyer  find  in 
explaining  this  and  similar  discrepancies  which  they  have  recognised, 
and  have  repeatedly  referred  to,  disappears  when  the  latitudes  of  the 
places  that  are  under  consideration  are  taken  into  account,  and  their 
positions  relative  to  the  anticyclonic  belts  of  the  northern  and  southern 
hemispheres  noted. 

The  Importance  of  Latitude  in  Analysing  Barometric  See-saws. 

Bombay  and  Madras  are  at  all  seasons  of  the  year  far  removed  from 
and  to  the  south  of  the  parallel  over  which  the  central  axis  of  the  Siberian 
high-pressure  system  is  found  persisting.  But  they  must  be,  and  Blanford 
in  1879  showed  that  they  were  afifected,  by  such  an  oscillation  of  that 
system  as  has  been  suggested.  He  pointed  out  that  there  existed  a  kind 
of  long  period  see-saw  of  such  a  character,  that  while  the  pressure  at  the 
tropical  stations  of  Indo-Malaysia  was  low  that  in  Siberia  was  high,  and 
vive  versd  The  system  being  always  on  the  north  side  of  the  Indo- 
Malaysian  area,  a  see-saw  must  necessarily  be  detected  if  its  effect  on 
stations  lying  on  each  side  of  its  central  axis  is  compared.  If  variations 
of  short  duration  are  eliminated,  pressure  over  a  district  will  increase  as 
the  belt  oscillates  towards  it  and  decrease  as  it  moves  away  from  it.  And 
if  the  barometric  variations  of  two  places,  such  as  Bombay  and  Cordoba, 
are  compared,  which  are  affected  in  an  inverse  manner  by  the  adjoining 
high-pressure  systems,  the  types  will  be  inverse  to  one  another.  That 
the  variations  of  the  Australian  stations  which  have  been  examined  are 
of  the  same  general  type  as  those  of  India,  is  explicable  on  the  assump- 
tion that  both  the  Australian  and  Indian  stations  are  on  the  south  sides 
of  their  respective  belts,  which  are  oscillating  in  like  phase. 

The  ratios  of  the  Nile  floods  to  a  mean  flood  (Table  I.)  can  be  re- 
presented by  a  curve  in  the  same  manner  as  pressure  variations.  In 
Fig.  5  I  have  plotted  them  in  a  similar  way  to  Figs.  2  and  4,  which 
represent  the  pressure  variations  of  Durban  and  Cape  Town.  The  re- 
lation to  the  variations  of  the  barometer  at  these  South  African  stations 
is  as  striking  as  that  of  the  pressure  changes  at  stations  lying  within 
and  outside  a  high-pressure  system — such  as  those  in  Siberia  and  India, 
for  instance.  The  changes  in  the  ratios  would  be  described  as  in- 
verse to  those  of  the  barometer*  in  South  Africa,  and  Lyons  has  shown 
that  they  are  also  inverse  to  the  pressure  anomalies  in  North-East 
Africa.  By  adopting,  then,  the  method  of  investigation  followed  in 
analysing  the  barometric  see-saw  we  are  led  by  the  curve  of  the  Nile 
floods  to  interpret  the  see-saw  between  India  and  Siberia  as  due  to  the 
oscillation  of  the  northern  belt,  just  as  that  between  the  Nile  floods  and 
pressure  in  South  Africa  may  be  interpreted  by  the  oscillation  of  the 
southern  belt.  It  has  been  suggested  that  the  barometric  see-saw  is 
east-west  rather  than  north-south.  But  besides  Blanford's  demonstration 
of  the  existence  of  a  north-south  see-saw  in  the  Indian  and  Siberian 
areas,  Hildebrandsson  has  shown  a  similar  north-south  see-saw  between 
the  Azores  and  Iceland,  which  Hann  has  endorsed  from  observations 
extending  from  1846  to  1900.     Lockyer's  map  divides  the  earth  into 
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two  great  pressure  areas  which  lie  for  the  most  part  east  and  west  of 
one  another,  but  within  each  there  are  numerous  stations  having  doubtful 
or  mixed  types.  Prof.  Bigelow  has  found  that  there  are  many  regions 
in  which  it  was  very  difficult  to  say  exactly  which  type  was  followed. 
It  is  noteworthy  that  Hildebrandsson  has  deduced  from  a  study  of 
pressure  variations  during  the  period  1874-84  (note  the  period  he 
analysed)  at  a  large  number  of  places,  mainly  situated  in  the  chief  action 
centres  of  the  atmosphere  and  widely  distributed  over  the  earth's  surface, 
that  there  were  several  regions  which  exhibited  opposite  types  of  pressure 
variations.  I  have  investigated  a  number  of  such  cases,  and  have  found 
that  if  the  relative  positions  of  the  places  with  regard  to  the  neighbouring 
high-pressure  systems  are  taken  into  account,  the  reason  for  the  types 
they  present  is  not  difficult  to  explain. 

I  have  stated  that  if  latitude  is  considered,  it  is  possible  to  reconcile 
the  apparent  anomaly  that,  while  the  Indian  variations  of  mean  annual 
pressure  from  year  to  year  are  the  inverse  of  those  at  Cordoba  and 
similar  to  those  of  Australia,  yet  those  of  Cordoba  and  Australia  are  not 
the  inverse  of  one  another.  If  the  curves  of  Madras  and  Bombay  are 
carefully  examined,  it  will  be  seen  that  they  show  a  time-phase  difference 
from  those  of  Australia.  India  precedes  Australia  by  two  years.  The 
Lockyer  investigations  have  revecJed  that  there  is  a  time-phase  difference 
between  the  maxima  of  Australia  and  South  America  of  about  six  years, 
the  Australian  maxima  preceding  those  of  America  (Cordoba)  by  that 
amount.  India  therefore  precedes  Cordoba  by  about  eight  years,  according 
to  the  Lockyer  researches.  But  by  my  hypothesis  the  belts  in  both  the 
north  and  south  hemispheres  take  9*5  years  to  move  from  their  most 
northerly  to  their  most  southerly  positions,  and  a  time-phase  difference 
of  "  about  8  years  "  will  mean  that  the  two  belts,  swinging  in  like  phase, 
are  at  alternate  epochs  respectively  nearest  to  and  farthest  from 
stations  lying  between  them  and  the  equator,  and  on  opposite  sides  of 
it.  At  that  epoch  when  the  northern  belt  is  nearest  to  India  the  southern 
belt  will  be  farthest  from  Cordoba,  and  when  the  southern  belt  is  nearest 
to  Cordoba  the  northern  belt  will  be  farthest  from  India. 

In  the  fact  that  the  Cordoba  type  is  the  inverse  of  the  Indian,  but  is 
not  inverse  to  the  Australian,  which  is  similar  to  the  Indian,  I  find  the 
strongest  corroboration  of  the  views  regarding  the  oscillations  of  the  two 
belts  which  I  have  endeavoured  to  bring  before  you.  This  paper  is 
already  too  long,  or  a  mass  of  corroborative  details  could  be  advanced  in 
further  support  of  the  theory  of  oscillating  belts.  Should  the  theory  be 
shown  to  be  a  fact,  it  will  adSbrd  us  a  complete  explanation  why  Eussell 
found,  as  he  did,  that  all  the  memorable  droughts  of  history  fitted  in  with 
his  A  and  D  series  of  New  South  Wales  droughts.  The  drying  up  of 
lakes  during  certain  epochs  and  their  filling  up  again  at  others,  as  pointed 
out  by  Bruckner  over  the  world  generally,  by  Russell  over  South  America 
and  Australia  in  sympathy  with  the  19-year  cycle  discovered  by  him,  and 
quite  recently  by  Lyons  over  Central  Africa,  will  not  excite  surprise. 

There  remains  the  question  of  the  agreement  that  has  been  pointed 
out  in  the  Lockyer  researches  between  the  sunspot  variations  and  the 
(  +  )  and  ( -  )  barometric  variations.  We  already  recognise  the  fact  that 
the  seasonal  migration  of  the  high-pressure  action-centres  of  the  atmosphere 
synchronises  with  the  sun's  changes  of  declination.     It  is  also  easy  to 
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demonstrate  from  the  daily  charts  of  the  North  Atlantic,  published  by 
the  Meteorological  Council  for  the  period,  August  1,  1882,  to  September 
3,  1883,  that  when  the  temperature  of  the  surface  water  at  noon  was 
higher  than  that  of  the  air  resting  upon  it,  anticyclones  lost  intensity  or 
moved  away  altogether;  whereas  if  it  was  lower,  they  increased  in 
intensity  if  already  there,  or  moved  towards  this  area  where  such  condi- 
tions prevailed.^  It  is  certain,  therefore,  that  if  the  belts  of  high  pressure 
on  each  side  of  the  equator,  as  represented  by  the  anticyclonic  action- 
centres  of  the  atmosphere,  have  a  cyclical  oscillation  such  as  suggested, 
this  must  be  mitigated,  retarded,  or  accelerated,  according  as  the  sun- 
spotted  area  changes. 

To  place  many  of  the  facts  that  have  been  collected  before  the  Fellows 
would  require  the  preparation  of  expensive  isobaric  charts,  but  enough 
has  been  said  to  encourage  others  to  examine  those  which  are  available  in 
the  Society's  library  for  themselves,  and  see  the  changes  during  successive 
years  which  have  been  taking  place  in  the  tracks  of  hurricanes  and 
in  the  paths  of  anticyclones.  They  have  encouraged  me  to  bring  the 
main  facts  forward,  as  the  subject  appears  to  be  one  well  worthy  of 
consideration. 


DISCUSSION. 

Commander  M.  W.  C.  Hepworth  remarked  that  he  believed  he  was  right  in 
saying  that  Col.  Rawson  accounted  for  the  cycles  of  good  and  bad  seasons,  in 
the  regions  to  which  he  referred,  by  the  oscillations  north  and  south  only  of  the 
high-pressure  belts.  These  belts  existed  as  continuous  belts  only  during  winter 
months  ;  in  the  Southern  Hemisphere,  for  not  more  than  four  to  five  months  ;  he 
could  not  say  from  memory  for  how  many  months  in  the  Northern  Hemisphere. 
Taking  the  South  Atlantic,  the  monthly  wind  and  pressure  charts  of  that 
ocean,  prepared  in  the  Meteorological  Office,  and  published  by  the  Admiralty, 
showed  the  average  oscillations  of  the  South  Atlantic  anticyclone  during  the 
year  to  be  from  6^  to  6**  north  and  south,  but  as  much  as  14°  east  and  west 
He  recognised  that  these  charts  dealt  with  averages,  but  submitted  that  Col. 
Rawson's  19-y ears'  cycles  went  a  long  way  towards  making  up  the  period 
those  averages  covered.  The  positions  north  and  south  of  the  anticyclones  of 
the  great  oceans  had  doubtless  a  great  effect  in  determining  the  paths  of 
depressions,  travelling  eastward  across  the  adjacent  land  areas,  which  were 
responsible  for  a  good  deal  of  the  weather  experienced  there.  He  thought, 
however,  that  the  oscillationi  east  and  west  would  have  as  great,  and  perhaps  a 
greater,  effect  on  the  conditions  in  those  areas  than  the  oscillations  north  and 
south.  If  the  anticyclone  of  the  South  Atlantic,  or  that  of  the  South  Indian 
Ocean,  extended  well  to  the  eastward  it  would  cover  a  large  portion  of  South 
Africa  or  Australia,  as  the  case  may  be ;  and  the  same  thing  would  occur  in 
the  case  of  South  America,  if  the  South  Pacific  anticyclone  extended  eastward, 
as  it  not  infrequently  did.  He  would  ask  Col.  Rawson  if  he  did  not  think 
this  east  and  west  movement  of  the  permanent  anticyclones  would  have  a 
great  effect  upon  the  meteorological  conditions  of  the  regions  to  which  he  had 
made  reference. 

Dr.  W.  J.  S.  LoGKTER  said  he  wished  to  congratulate  CoL  Bawson  on 
his  paper.  He  himself  had  been  busy  with  the  southern  belt,  but  he  did  not 
know  how  Col.  Rawson  had  managed  to  find  time  to  tackle  both  the  southern 

extc  ^  Charts  indicating  this  have  been  shown  to  Dr.  Shaw  by  the  author. 
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and  northern.  CoL  Rawson  aseumed  that  Raseell  was  correct  in  saying  the  belt 
passing  over  Anstralia  had  an  oscillation  north  and  south,  but  having  gone 
carefully  through  Russell's  work,  he  found  that  if  the  means  of  several  years 
were  taken  there  would  be  no  greater  difference  than  3°  in  latitude.  Mr.  Hunt 
also  corroborated  his  view  that  this  difference  of  3°  was  within  the  error  of 
determination  of  the  latitudes.  Unless  the  tracks  of  the  anticyclones  moved 
up  and  down,  i,e,  north  and  south,  he  thought  they  should  not  assume  that 
there  was  an  oscillation  of  the  belt.  He  thought  also  that^  regarding  the 
question  of  this  belt^  he  and  CoL  Rawson  meant  different  things.  Capt 
Hepworth  evidently  agreed  with  Col.  Rawson  in  assuming  that  in  the  Southern 
HemiBphere  the  high-pressure  regions  which  during  one  season  of  the  year 
were  small,  and  during  the  other  season  were  large  and  nearly  united,  were 
permanent  systems.  He,  Dr.  Lockyer,  on  the  contrary  believed  these  regions 
of  high-pressure  did  not  exist  at  all  as  separate  systems.  He  thought  they  had 
a  series  of  anticyclones  travelling  round  the  Southern  Hemisphere  from  west  to 
east,  and  that  the  different  conditions  of  heat  or  cold  changed  the  intensity  of 
the  anticyclones  m  roiUe,  accounting  for  their  growth  or  the  reverse.  If  they 
took  the  mean  for  several  years,  they  were  bound  to  find  regions  where  the 
pressure  was  highest^  and  those  would  correspond  to  regions  where  the  anti- 
cyclones were  most  intense.  In  discussing  Russell's  latitudes  of  these  anti- 
cyclones, he  could  not  find  any  oscillation  of  the  belt  other  than  2**  or  3°.  If 
the  year  were  divided  into  two  sets  of  six  months  (the  two  seasons),  he  found 
that  the  belt  of  the  anticyclones  was  narrower  in  some  years  than  in  others. 
He  therefore  concluded  the  belt  did  not  change  its  position  in  latitude,  but 
expanded  and  contracted  cyclicly.  In  high-pressure  years  anticyclones  were 
very  large,  and  covered  an  extended  belt  both  north  and  south.  The  mean 
position  of  this  belt,  however,  did  not  move,  only  the  fringes.  They  got  the 
cyclic  variation  of  weather  and  rain  on  these  fringes,  according  to  the  sizes  of 
the  anticyclones. 

Col.  Rawson's  way  of  coupling  up  the  results  of  several  workers  was  most 
interesting,  and  he  hoped  that  when  Col.  Rawson  had  finished  the  Northern 
Hemisphere,  he  would  go  back  again  to  the  Southern.  At  the  Solar  Physics 
Observatory  they  had  discovered  a  short-period  pressure  variation  of  about 
4  years,  India  representing  one  type,  and  Cordoba  the  reverse  type  :  they  called 
it  a  short-period  barometric  see-saw.  Australia  and  India  went  together,  and 
were  opposed  to  Cordoba.  When  all  the  short-period  changes  were  eliminated, 
they  obtained  longer  variations.  One  had  expected  to  find  the  long-period 
variations  for  India  and  Australia  alike,  but  such  was  not  the  case.  Australia 
showed  a  19-year  variation,  South  America  indicated  also  a  19-year  change 
inverse  in  form  to  the  Australian  one,  but  the  epochs  of  maxima  and  minima 
did  not  coincide.  He  thought  that  Col.  Rawson  in  his  paper  had  rather  mixed 
up  the  19-year  and  the  3'8-year  variations. 

Cordoba  was  in  the  south  latitude,  India  in  the  north,  with  a  great  difference 
of  longitude  between  theuL  There  was  an  east  and  west  pressure  effect  going 
on ;  if  they  analysed  the  pressures  of  the  whole  world  as  he  had  done  they 
would  find  that  the  dividing  line  between  these  two  regions  of  reverse  pressures 
runs  nearly  east  and  west  in  the  high  northern  and  southern  latitudes.  On  the 
equator  it  was  nearly  north  and  south.  The  see-saws  were  therefore  more  north 
and  south  in  the  high  latitudes,  and  more  east  and  west  in  the  equatorial 
regions.     He  again  congratulated  CoL  Rawson  on  his  paper. 

Dr.  W.  N.  Shaw  made  some  observations  on  the  paper  (which  are  referred 
to  below). 

Capt.  D.  Wilson-Barker  said  that  the  subject  of  anticyclones  had  always 
interested  him,  as  he  considered  it  was  one  of  great  importance.  He  was  very 
glad  to  see  both  of  Col.  Rawson's  papers,  which  had  involved  a  great  deal  of 
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work  in  their  preparation.  He  did  not  quite  agree  with  Col.  Rawson  that  the 
belt  went  up  and  down.  He  thought  that  these  anticyclones  were  all  part  of 
the  great  circulation  they  would  some  day  discover.  Such  papers  as  those  of 
Col.  Rawson  went  towards  elucidating  these  problems.  There  was  very  little 
doubt  that  these  anticyclones  formed  the  areas  of  feed  for  the  cyclones.  It 
would  always  be  found  that  the  polar  side  of  all  cyclones  was  only  partly- 
developed.  The  side  next  the  anticyclones  was  that  properly  fed.  He  wished 
to  thank  Col.  Rawson  for  his  interesting  paper. 

The  President  remarked  that  what  struck  one  most  in  the  discussion  was 
the  want  of  periodical  synoptic  charts  for  a  very  laige  portion  of  the  globe, 
which  would  help  to  decide  whether  the  belt  was  swinging  north  and  south, 
or  east  and  west  These  charts  might  also  throw  light  upon  some  other  meteoro- 
logical problems.  In  many  cases  of  abnormal  weather  they  would  like  to  know 
what  area  of  the  globe  was  affected.  This  winter,  for  instance,  they  had  had  an 
abnormal  high-pressure  in  Iceland.  They  would  be  glad  to  discover  what  other 
regions  had  been  affected  by  this. 

Colonel  H.  E.  Rawson,  in  reply,  said  that  his  paper  formed  only  the  frame- 
work, and  he  hoped  many  others  would  help  to  fill  in  the  structure.  Capt. 
Hep  worth  had  referred  to  the  east  and  west  movement,  but  this  was  fully  dealt 
with  in  his,  Col.  Rawson's,  previous  papers.  He  had  acknowledged  the  influence 
of  this  movement,  and  he  fully  recognised  its  importance.  The  southern  belt 
was  of  course  not  continuous  all  the  year  round,  because  of  this  seasonal  east 
and  west  oscillation.  The  Australian  system  broke  away  from  Australia,  and 
moved  to  and  from  the  east  coast  of  South  Africa,  and  he  thought  that  in  doing 
so  it  had  a  great  effect  upon  the  origin,  path,  and  zone  of  the  hurricanes  in 
Mauritius.  Dr.  Lockyer  was  of  a  different  opinion  to  himself  about  the  per- 
manent an ticy clonic  systems  which  compose  the  belts,  but  he  had  always  been 
puzzled  why  Dr.  Lockyer  had  rejected  them  and  had  accepted  Russell's  idea  of 
nothing  but  travelling  systems.  How  could  he  account  for  daily  synchronous 
charts  showing  persistent  systems  complete  with  their  prevailing  winds  in 
certain  lO""  squares  of  the  North  Atlantic,  if  there  were  nothing  but  a  series  of 
travelling  anticyclones  1  If  they  examined  charts  of  the  ocean  currents  of  the 
Southern  Hemisphere  they  would  find  that  winds  were  blowing  for  such  a  length 
of  time  over  a  distinct  area  that  the  normal  ocean  currents  were  modified  and 
in  some  cases  reversed.  He  was  of  opinion  that  the  permanent  systems  squeezed 
out  from  themselves  the  travelling  anticyclones,  which  went  on  to  feed  the 
adjoining  system.  Latitude  must  not  be  neglected  when  looking  for  evidences 
of  the  19-year  cycle. 

With  regard  to  what  Dr.  Shaw  had  said,  he  adopted  Dr.  Lockyer's  hypo- 
thetical curve  for  Australia,  because  it  had  been  arrived  at  independently, 
and  confirmed  in  such  a  remarkable  way  the  curve  he  had  obtained  for 
Durban  ;  but  Dr.  Lockyer  had  not  taken  latitude  into  consideration,  and  it 
was  open  to  question,  according  to  his  view,  on  this  account  Dr.  Shaw 
also  asked  the  meaning  of  '^  India  preceding  Australia  "  in  time-phase.  This 
expression  was  adopted  from  the  Lockyer  researches,  in  which  it  had  been 
pointed  out  that  if  curves  of  pressure  variations  were  compared  for  a  number  of 
years,  the  maxima  and  minima  of  some  large  areas  preceded  or  followed  those 
of  other  areas  by  a  fixed  period  of  time. 
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ON  ERRORS  OF  ESTIMATION  IN  THERMOMETRIC 
OBSERVATIONS 

By  ALBERT  WALTER,  F.R.A.S.,  Royal  Alfred  Observatory,  Mauritius. 
Communicated  by  W.  W.  Bryant,  B.A.,  F.R.MetSoc. 

[Read  May  19,  1909.] 

In  examining  the  returns  from  a  newly  inaugurated  series  of  second  order 
meteorological  stations  in  Mauritius,  it  was  noticed  in  the  early  records, 
made  by  what  may  justifiably  be  termed  "absolutely  raw  observing 
material,"  that  a  very  large  percentage  of  whole  and  half  divisions 
occurred.  It  was  thought  that*  an  estimate  of  the  reliability  of  the  obser- 
vations could  be  arrived  at  by  examining  the  frequency  curve  of  the 
"tenths  of  estimation." 

The  progress  of  the  observers  was  clearly  indicated  by  the  results ; 
but  notwithstanding  long  practice  they  all  showed  a  decided  tendency 
to  record  zeros  and  to  accumulate  certain  other  tenths.  With  a  view 
to  throwing  some  light  on  the  anomalous  results  obtained,  several  series 
of  decimal  estimations  by  various  trained  observers  were  examined.  The 
results  appear  to  be  of  considerable  interest,  and  of  some  importance  in 
relation  to  the  accuracy  of  measui-ement ;  they  are  collected  in  Table  I. 
and  shown  graphically  as  percentage  variations  in  the  diagrams.  There  is 
evidently  a  break  of  continuity  in  the  frequency  curve  between  9  and  0 
and  between  0  and  1,  if  the  division  crosses  the  mercurial  column. 


TABLE  L— Fkequency  on  Each  Tenth  (Percent aok  of  Mean). 

Tenth. 

Curve. 

Number  of 
Observations. 

1 

1 

Oil            2 

3 

4 

5 

6 

7 

S      I      i) 

I 

1^ 

60.3 

1 

39-7 

... 

2 

165 

65-4 

O-O  1     2-5 

o'e 

4-3 

212 

o-(5 

30 

3-0 

o-o 

3 

731 

27.5 

4-9  1    9-3 

8-5 

40 

160 

n 

3-3 

136 

8.5 

4 

322 

13-0 

7-5  !    3-4 

264 

134 

12-8 

137 

7-5 

2-2 

5 

^V 

53-9 

4-3     '7-9 

45-3 

o-o 

o-o 

7-7 

9.4 

O-O 

6 

i«4 

33-7 

65  1  15.2 

1-6 

3-8 

11.4 

22 

2-7 

169 

60 

7 

4673 

I9'0 

11.5  I  11.7 

9.8 

7-5 

5-1 

9.9 

7-4 

9-3 

8-8 

8 

500 

21.9 

5-3  '    7-9 

P 

7-9 

19-5 

4-3 

10.7 

IO-3 

6.5 

9 

500 

ii-i 

121  ;  12-3 

8.9 

IO-7 

4-2 

4-8 

121 

H-5 

9-2 

ID 

500 

8-3 

1 1*6      I2-0 

131 

II-2 

3-9 

4-5 

1 02 

13-2 

12-2 

II 

500 

no 

9-6      9-6 

10.4 

U-2 

S'9 

6-3 

Ml 

10.4 

IO-2 

12 

500 

8.9 

9-3    IO-3 

5-3 

"•3 

5-3 
76 

7-1 

1 1-8 

14-0 

13 

500 

8-0  '   8-0      7-2 

8-8 

152 

7.0 

18.4 

n-o 

9-2    ' 

H 

263 

19-4  \   6-1      4-6 

64 

1 1.4 

19-8 

9-2 

6.5 

9-5 

l'^   ' 

15 

1595 

12.5  1    8-9  ,  IO-3 

7.2 

130 

9-3 

14-2 

6-6 

10.3 

8-2  i 

Curves  Nos.  1,  2,  and  3  (Fig.  1.),  which  gave  rise  to  the  present 
investigation,  are  those  of  the  observers  at  the  new  second  order  stations. 
No.  4  is  the  curve  obtained  from  a  record  of  thermometric  observations 
mad&»by  an  assistant  with  about  35  years'  experience.  The  thermometer 
is  one  used  in  conjunction  with  a  mercurial  barometer,  the  temperature 
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correction  tables  for  which  had  been  tabulated  to  the  nearest  whole  degree 
Fahrenheit,  interpolations  being  necessary  for  the  corrections  correspond- 
ing to  fractions  of  a  degree.  The  error  of  this  thermometer  was  known 
by  the  observer,  and  a  correction  of  -  ^'3  was  applied  before  taking  out 
the  correction  to  reduce  the  barometer  reading  to  32°.     The  advantage 
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of  a  whole  degree  of  temperature  in  using  the  tables  is  evident — at  least 
it  appears  to  have  been  so  to  the  assistant  in  question.  The  manner  in 
which  the  S's  control  the  frequency  curve  shows  the  importance  of 
similar  analyses  where  the  fidelity  of  the  observer  is  in  question. 

Another  observer  on  the  same  thermometer  obtained  curve  No.  5  ; 
he  also  knew  the  correction,  and  reduced  the  observations  occasionally. 
His  results  show  the  same  unfortunate  tendency  as  the  previous  observer, 
as  well  as  a  high  percentage  of  zeros,  due  probably  to  the  fact  that  all 
his  observations  were  not  reduced. 
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A  third  observer,  to  whom  the  error  of  the  thermometer  was  unknown, 
obtained  Curve  No.  6. 

The  investigation  was  next  carried  to  the  Greenwich  Observations  for 
the  years  1903  and  1904 ;  and  the  residts  tabulated  for  the  thermometers 
exposed  in  the  Stevenson  screen — they  are  shown  in  curve  No.  7  (Fig.  2). 
In  addition  to  the  usual  predominance  of  zeros  the  Greenwich  observers 
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appear  to  have  a  decided  objection  to  the  half  division,  which  is  shared 
by  the  best  trained  observers  at  Mauritius.  In  tabulating  these  results 
the  'corrections  which  had  been  applied  to  the  thermometer  readings 
were  very  clearly  indicated  in  each  case;  for  instance,  thermometer 
No.  37467  N.  and  Z.  had  a  correction  of  -  0°'5,  and  the  distribution  was 
accordingly  as  follows  (vol.  of  Greenwich  Observations,  1 903) : — 


Tenth. 

Frequency. 

'                                 1 

Tenth. 

Frequency. 

O 

1 

i          30 

5 

66 

I 

1           40 

6 

i8 

2 

31 

7 

36 

3 

40 

8 

40 

4 

i      « 

9 

22 

This  fact  may  occasionaUy  be  of  use  in  dealing  with  the  reduction  of 
old  observations — if  the  thermometers  have  been  graduated  in  the  usual 
way  by  carrying  the  divisions  across  the  column  of  mercury — when  there 
is  any  doubt  as  to  whether  a  correction  (or  what  correction)  has  been 
applied. 

It  is  certain  that  these  irregularities  are  not  accidental.  The 
theoretical  frequency  curve  should  evidently  be  a  straight  line,  and  if  we 
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apply  Prof.  Pearson's  criterion  of  fit^  we  obtain  a  value  of  x=  14  "3  7; 
a  value  which  precludes  all  possibility  of  an  accidental  origin  for  such  a 
system  of  deviations,  if  the  normal  curve  represents  the  true  frequency 
cUstribution. 

We  are  fully  justified,  therefore,  in  seeking  for  a  definite  cause  for 
these  irregularities. 

From  a  priori  considerations  we  should  expect,  in  all  eye  estimations, 
to  find  that  the  space  between  '05  and  *15  should  be  allotted  to  '1,  between 
15  and  '25  to  '2,  etc.  But  it  should  be  remarked  that  '5  is  a  point 
almost  as  well  defined  on  the  stem  as  if  it  were  actually  ruled,  and, 
moreover,  the  fact  that  it  is  not  ruled  gives  this  division  the  characteristic 
of  a  mathematical  point.  Absolute  or  nearly  absolute  coincidence  is,  in 
consequence,  the  necessary  condition  for  the  registration  of  *5.  In  other 
words,  the  frequency  of  the  5s  is  spread  over  only  a  very  small  portion 
of  the  stem,  as  compared  with  that  of  the  other  divisions;  hence  the 
small  number  of  5s  recorded.  From  the  Greenwich  observations  it 
would  appear  that  the  portion  of  the  stem  allotted  to  the  5s  extends 
from  about  4  75  to  5*25,  or,  on  the  average,  one-half  of  that  given  to  the 
other  divisions. 

Another  factor  which  possibly  controls  the  estimations  in  the  case  of 
certain  thermometric  observations  is  the  error  arising  from  the  over- 
estimation  of  an  all  white  interval  as  compared  with  an  all  black  interval ; 
the  former  is  generally  overestimated,  as  will  be  seen  at  once  from  Fig  3, 
and  this  apparently  is  the  reason  for  the  general  decrease  from  the  Is 
to  the  98. 

The  most  difficult  estimation  is  that  of  '7  or  '3,  and  the  author  has 
generally  found  that  personalities  in  decimal  estimation  centre  round  these 
two  divisions.     The  average  observer  avoids  the  sevens ;    occasionally, 

*  Philosophical  Magazine^  vol.  60,  No.  802. 

P = c  "  ^^H  ^  "^  ^  "^  2^  "*"  2^  )  ^^^^^  ^^^  number  of  groups  is  odd) ; 


where  x 


--Ji 


«=the  deviation  of  the  observed  frequency  (m^)  from  the  theoretical  frequency  (w). 


Group. 


Observed 
Frequency 


Deviation 
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+  70 
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+  80 

458 

-9 

350 

-117 

238 

-229 

462 

-5 

346 

- 121 

434 

-33 

411 

-56 

v'K 

v^'hn. 

4900 

10.49 

6400 

13.70 

81 

0.17 

13689 

29.31 

52441 

112.21 

25 

0.05 

1 464 1 

31-35 

1089 

2-33 

3136 

6.72 

Sum 


206.41         '  =  X*. 


Theoretical  frequency  =  467  on  each  tenth. 

The  frequency  for  0  is  omitted,  as  there  is  evidently  a  break  of  continuity  in  the  curve  at 

this  point.  

log  P= 38.46705. 
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however,  observers  are  found  with  a  decided  tendency  to  record  them, 
which  is  especially  marked  when  the  observer  has  recognised  an  inherent 
objection  to  these  divisions  and  has  endeavoured  to  correct  it. 


Fig.  3. 


We  see,  therefore,  that  in  this,  the  most  simple  of  all  observations,  the 
law  of  errors,  as  usually  enunciated,  does  not  hold :  a  residt  which 
emphasises  still  further  Prof.  Pearson's  warning  concerning  the  invalidity 
of  the  application  of  the  normal  probability  curve  to  many  error-frequency 
distributions.  In  practice,  results  which  follow  the  normal  frequency 
curve  appear  to  be  the  exception,  not  the  rule. 

The  excess  of  zeros  can  be  eliminated  to  a  certain  extent  by  graduat- 
ing the  stems  in  sucli  a  way  that  the  dividing  lines  do  not  cross  the 
mercurial  column.  This  will  also  obviate  errors  due  to  the  overestimation 
of  an  all  white  interval  as  compared  with  an  all  black. 

In  order  to  ascertain  whether  the  size  of  the  scale  division  influenced 
in  any  way  the  accuracy  of  the  estimation,  six  thermometers  were 
graduated  with  scales,  the  divisions  of  which  increased  by  0*4  mm. 
[•016  in.]  from  O'S  mm.  [-032  in.]  to  28  mm.  [110  in.],  the  scales  being 
ruled  on  paper  and  pasted  on  to  the  stem;  so  that  the  conditions 
stipulated  above  were  fulfilled.  The  results  are  shown  in  curves  Nos.  8 
to  13  (Fig.  4).  Some  of  the  irregularities  in  these  curves  are  certainly 
due  to  the  small  number  of  observations — averaging  50  on  each  division — 
but  there  are  several  points  of  considerable  interest.  We  notice  first 
the  entire  absence  of  any  tendency  to  decrease  from  the  Is  to  the  93. 
Curve  No.  8  shows  the  marked  characteristics  of  an  untrained  observer 
(excess  of  Os  and  5s),  the  divisions  being  altogether  too  small  for  decimal 
estimation.  In  all  the  others  we  notice  a  marked  decrease  in  the  5s,  and 
in  curves  Nos.  11,  12,  and  13  the  observer's  personality  on  the  7s  is  very 
prominent.  Curve  No.  10  appears  to  be  the  one  most  in  accordance  with 
what  might  be  expected  from  a  priori  considerations,  and  it  is  probable 
that  the  true  error  distribution  for  decimal  estimation,  if  the  dividing 
lines  are  suflSciently  fine,  will  be  found  to  be  characterised  by  a  double 
hump  with  minima  at  0  and  5. 

The  extraordinary  methods  adopted  by  some  makers  in  the  con- 
struction of  thermometer  scales  seem  to  call  for  remark  here.     One 
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thermometer  by  a  well-known  maker,  forwarded  to  Mauritius  through  the 
National  Physical  Laboratory  in  December  1903,  was  divided  into  half 
degrees,  the  dividing  lines  occupying  0245  (nearly  ^)  the  space  between 


0        I        2 


Fio.  4. 

the  edges  of  two  consecutive  divisions.  The  thermometer  was  specified 
in  the  requisition  as  a  thermometer  "  to  be  used  with  the  Kew  Uuifilar 
for  deflection  observations,"  and  it  is  difficult  to  assign  a  reason  for  the 
half  division.  The  frequency  curve,  No.  14  (Fig.  5),  shows  how  it  has 
affected  the  accuracy  of  the  results. 

Two  Symons's  earth  thermometers  for  use  at  a  depth  of  10  feet  are 
even  more  astonishingly  divided  :  each  degree,  which  is  1*72  mm.  ['068  in.] 
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in  width,  being  subdivided  by  fine  lines  into  0°*2  Fahr. ;  each  division 
is  therefore  0*34  mm.  [-013  in.]  wide.  The  observer  is  supposed  by  this 
means  to  be  able  to  read  to  0°'05.     In  reality,  as  will  be  seen  from  curve 
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No.  15  (Fig.  6),  which  gives  the  frequency  of  the  ientJis  of  degrees,  the 
temperature  is,  more  frequently,  only  read  to  the  nearest  0°-2 :  a  result 
which  might  have  been  expected,  it  being  practically  impossible  for  the 
unaided  eye  to  subdivide  divisions  equal  to  0*34  mm.  ['013  in.]. 


For  ordinary  meteorological  purposes  the  errors  due  to  estimation  into 
tenths  of  a  degree,  on  a  rationally  divided  thermometer,  are  insignificant ; 
but  it  frequently  happens  that  the  determination  of  the  errors  of  ther- 
mometers by  comparison  in  a  water-bath  are  seriously  influenced,  when 
the  corrections  to  the  nearest  0°'l  are  required,  if  the  thermometer  is 
recording  a  temperature  in  the  vicinity  of  a  whole  degree  at  the  time  of 
observation. 

At  Mauritius,  thermometers  are  compared  in  water  in  a  double  lead- 
lined  cistern.  The  increase  of  temperature  in  this  bath  is  very  slight 
even  when  the  temperature  of  the  air  is  rising  rapidly;  it  frequently 
remains  absolutely  constant  for  a  period  of  20  or  30  minutes,  and  hence 
great  care  has  to  be  exercised.  The  comparisons  are  invariably  made  by 
the  Chief  Assistant,  and  it  is  the  practice  to  record  the  temperature  to 
0°*05  Fahr. ;  that  is  to  say,  if  the  thermometer  appears  to  record  slightly 
over  0°*6  it  would  be  entered  as  0°"55.  The  care  exercised  in  avoiding 
parallax,  the  use  of  a  magnifying  glass,  the  constancy  of  the  bath,  and 
the  time  occupied  over  each  reading,  together  with  the  fact  that  four 
readings  are  required  to  form  a  complete  comparison — ^readings  being 
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made  from  loft  to  right,  and  back  from  right  to  left,  twice,  the  water 
being  stirred  between  the  two  series — give  a  signification  to  such 
readings.  A  complete  comparison  consists  of  three  sets  of  four  readings, 
and  more  if  the  results  are  inconsistent  Notwithstanding  that  the 
readings  are  made  with  the  thermometer  turned  so  as  to  observe  the 
column  of  mercury  clear  of  the  divisions,  which  do  not  extend  right 
across  the  stem,  there  is  distinct  evidence,  in  the  case  of  the  two  Kew 
Thermograph  Standards,  that  the  errors  are  less  by  about  0^*05  Fahr. 
when  both  thermometers  are  recording  near  or  on  a  division  than  when 
they  are  recording  between  them. 

In  certain  special  investigations,  such,  for  instance,  as  the  determina- 
tion of  temperature  within  the  glass  shades  covering  the  Kew  Magneto- 
graph  when  temperatures  are  required  to  O^^'Ol,  thermometers  constructed 
with  enlargements  in  the  capillary  tubes,  increasing  the  scale-value  so 
that  0°'l  becomes  about  1*5  mm.  ['059  in.],  can  be  used  with  advantage. 
Such  thermometers  are  in  use  at  Mauritius  for  this  purpose,  and  with  a 
view  to  determining  what  effect  the  considerably  increased  scale-value 
had  on  the  sensibility  of  the  thermometer,  the  coefficient  of  sensitiveness 
was  determined  in  the  manner  described  in  a  paper  communicated  by 
the  author  to  the  South  African  Philosophical  Society,  with  the  results 
given  in  Table  II.,  which  will  be  seen  to  compare  very  favourably  with 
those  obtained  from  thermometers  of  ordinary  construction. 


TABLE  II. 

Thermometer. 
(0'-l  =  l-5mm.) 

1 

Coefficient 
of  Sensitiveness.    | 

Thermometer. 
(r-0=l-5mm.) 

Coefficient 
1   of  Sensitiveness. 

N.  &  Z.  120564 

M        120565 

Hicks     216449 

216450 

0.276 

0.363           1 
0-322 

0-349         1 

M.  0. 

»» 

If 

1348 
1349 
1350 
1351 

0.182 
0-278: 
0.220 
0.176 

DISCU 

SSION. 

Mr.  W.  W.  Bryant  said  the  subject  interested  him  very  much,  since  decimal 
equation  entered  into  astronomical  obseryations  and  other  matters  quite  apart 
from  the  reading  of  the  thermometers.  Certainly  there  was  a  great  tendency  to 
have  an  enormous  number  of  Os.  He  was  quite  in  agreement  with  the  writer's 
deductions,  though  people  who  ignored  differences  of  less  than  half  a  degree  or 
so  might  consider  the  paper  superfluous.  As  regards  the  graduation  of  ther- 
mometers, he  thought  a  hint  to  the  makers  might  have  some  effect 

Mr.  W.  Marriott  said  that  from  a  cursory  examination  of  92  returns 
sent  into  the  Society  for  the  last  month  it  was  found  that  62  observers  read  their 
thermometers  to  tenths  of  a  degree  indiscriminately  ;  that  6  read  to  two-tenths 
of  a  degree  ;  that  18  read  to  halves  and  quarters  ;  that  3  read  to  whole  degrees 
and  halves  ;  and  that  only  3  observers  read  to  whole  degrees.  These  figures  he 
thought  tended  to  show  that  the  observations  sent  to  the  Society  were  carefully 
taken.  The  maximum  and  minimum  thermometers  were  read  in  a  horizontal 
position,  while  the  dry-  and  wet-bulb  thermometers  were  upright ;  this  might 
possibly  make  a  difference  in  the  readings.  He  had  always  recommended 
observers  to  read  their  thermometers  to  tenths  of  a  degree.     This  was  very 
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important  in  the  case  of  the  dry-  and  wet-bulb  thermometers,  especially  when 
the  temperature  was  low,  as  then  small  differences  between  them  had  a  great 
effect  on  the  humidity  deductions.  He  thought  that  all  the  thermometers  should 
be  read  to  tenths  of  a  degree,  otherwise  it  would  be  useless  to  have  the  ther- 
mometers verified  at  the  Kew  Observatory. 

Mr.  R.  Q.  E.  Lempfert,  adverting  to  Mr.  Marriott's  remarks,  said  that  he 
advocated  reading  the  thermometers  to  whole  degrees  at  stations  where  only 
maximum  and  minimum  temperatures  are  observed.  If  the  reading  be  taken  to 
the  nearest  whole  degree  the  mean  temperature  for  the  month  is  not  appreciably 
affected  by  omitting  the  decimals  of  a  degree.  A  difference  of  half  a  degree  in 
the  extreme  temperatures  for  a  given  day  is  also  a  matter  of  no  importance. 
On  the  other  hand,  the  omission  of  the  decimals  lightens  the  labour  of  the 
observer  and  of  the  computer  who  has  to  deal  with  the  observations  subsequently. 
When  dealing  with  a  large  body  of  statistics  the  saving  to  the  computer  may 
be  considerable.  In  the  case  of  dry-  and  wet-bulb  observations  there  could  be 
no  question  of  the  desirability  of  reading  to  a  tenth  of  a  degree. 

Mr.  R.  Inwards  said  that  he  thought  it  would  be  simple  to  make  a  tube 
with  a  micrometer  eye-piece  to  read  to  tenths  with  absolute  accuracy. 

Mr.  J.  HoPEiNSON,  who  had  to  leave  the  Meeting  before  the  discussion  on 
this  paper,  wrote  that  his  test  of  the  accuracy  of  estimations  in  reading 
thermometer  scales  to  the  tenth  of  a  degree  had  been  nearness  of  the  approach 
of  the  mean  of  a  large  number  of  readings  to  4^ ;  thus  while  in  a  month  of  30 
days  there  might  be  considerable  deviation  from  135,  in  a  year  of  365  days 
the  sum  of  the  tenths  should  be  somewhere  near  1640  or  1645.  He  admitted 
that  the  frequency-curve  of  the  tenths  was  a  much  better  test,  and  he  had  now 
applied  this  to  his  own  observations.  He  had  taken  out  the  tenths  of  dry-  and 
wet -bulb  and  maximum  and  minimum  readings  for  500  days  near  the 
commencement  of  his  observations  and  for  500  days  about  20  years  later,  but 
having  in  the  earlier  period  inked  in  the  figures  in  hlB  note-book  he  could  not 
be  certain  which  were  his  own  original  entries,  while  in  the  later  period  he  had 
been  able  to  avoid  taking  in  all  readings  not  made  by  himself.  In  the  earlier 
period  there  seemed  to  be  a  greater  preponderance  of  0  readings  during  the  time 
that  he  was  usually  away  from  home,  doubtless  due  to  the  readings  being  taken 
by  one  of  his  servants,  but  he  could  not  trace  any  other  difference  in  the 
estimation  of  the  tenths.  The  results  are  given  in  the  following  table,  each  of 
the  first  four  lines  giving  the  readings  of  2000  observations,  and  the  last  line 
giving  the  readings  of  4000,  that  is  for  the  four  thermometers  for  1000  days : — 


0» 

•r 

•2^* 

•3' 

•4'* 

•5'' 

•6^ 

.70 

•8" 

•9" 

Earlier  period 

.     18-5 

8-8 

11-8 

10-9 

7-6 

8-8 

8-1 

8-0 

11-1 

8-4 

Later  period 

.     13-3 

10-5 

10-9 

11-6 

8-2 

8-7 

8-1 

9-2 

10-4 

81 

Dry-  and  wet-bulb 

.     17-3 

8-9 

11-3 

11-3 

7-8 

8-2 

7-8 

7-8 

10-7 

8-8 

Maximum  and  minimum 

.     14-6 

10-0 

11-4 

11-2 

8-6 

8-8 

8-8 

9-6 

10-8 

8-2 

Mean  (4000  obs.). 

.     16-9 

9-4 

11-3 

11-2 

7-9 

8-5 

8-1 

8-6 

10-8 

8-3 

The  later  period  is  seen  to  come  out  distinctly  better  than  the  earlier  in  the 
0  division  not  being  so  much  overestimated,  and  there  is  a  slight  improvement  in 
most  of  the  other  divisions  except  in  the  overestimation  of  -3"  and  the  under- 
estimation of  'Q**,  and  it  appears  to  be  easier  to  read  correctly  the  maximum  and 
minimum  thermometers  than  the  dry-  and  wet-bulb,  probably  from  parallax, 
it  being  more  natural  in  reading  to  move  the  head  to  right  or  left  than  up  or 
down. 

Corrections  for  the  index  errors  of  the  thermometers  are  not  made  in  the 
original  entries,  being  applied  only  to  the  monthly  means. 
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Death  throngh  Lightning,  and  Workmen's  Insnrance. 

The  question  whether  a  workman  killed  by  a  stroke  of  lightning  while  at 
work  can  be  regarded  as  having  met  his  death  owing  to  an  accident  during  the 
course  of  his  employment  has  engaged  the  attention  of  the  Court  of  Arbitration 
for  Swabia  and  Neuburg.  It  appears  that  on  July  13,  1898,  while  engaged  in 
plastering  the  passage  inside  a  new  dwelling  a  workman  was  killed  by  a  flash 
of  lightning,  which  struck  the  fireplace  and  passed  through  the  house.  The 
father  of  the  workman  applied  to  the  Bavarian  Builders'  Friendly  Society  for 
payment  of  the  funeral  benefit,  but  this  was  refused  on  the  ground  that  the 
requisite  connection  between  the  death  and  the  work  was  lacking.  The  Union 
based  its  refusal  on  the  consideration  that  it  is  necessary  to  prove  not  only  that 
the  accident  occurred  at  the  place  of  work,  but  also  that  it  was  produced  by  the 
work,  that  is,  that  it  was  occasioned  by  a  danger  standing  in  close  relation  to 
the  work.  Against  this  decision  the  father  appealed  to  the  Court  of  Arbitration, 
which  ordered  the  friendly  society  to  pay  to  the  applicant  funeral  benefit  to  the 
amount  of  £4 :  138.  and  the  incidental  costs.  The  Court  held  that  in  any 
circumstances  bodily  injury  caused  to  an  insured  person  by  lightning  while 
following  employment  must  be  recognised  as  an  accident  at  work,  irrespective  of 
whether  the  lightning  stroke  occurs  in  the  open  or  in  a  protected  room,  or 
whether  the  conditions  determining  the  direction  of  the  path  of  the  lightning 
can  or  can  no  longer  be  recognised. — Electrical  Review,  August  6,  1909. 

Electricity  of  Bain. 

In  a  paper  on  the  '*  Electricity  of  Bain  and  its  Origin  in  Thunderstoims  " 
read  before  the  Royal  Society  on  June  4,  1909,  Dr.  G.  C.  Simpson  stated  that 
during  1907-8,  an  investigation  was  undertaken  at  the  Meteorological  Office  of 
the  Qovemment  of  India,  Simla,  into  the  electrical  phenomena  which  accom- 
panied thunderstorms.  After  describing  the  lines  of  research  adopted  and  the 
results  obtained,  Dr.  Simpson  puts  forward  the  following  theory  for  the  origin 
of  the  electricity  of  thunderstorms  : — 

It  is  exceedingly  probable  that  in  all  thunderstorms  ascending  currents 
greater  than  8  metres  [26  ft.]  a  second  occur.  Such  currents  are  the  source  of 
large  amounts  of  water  which  cannot  fall  through  the  ascending  air.  Hence,  at 
the  top  of  the  current,  where  the  vertical  velocity  is  reduced  on  account  of  the 
lateral  motion  of  the  air,  there  will  be  an  accumulation  of  water.  This  water 
will  be  in  the  form  of  drops  which  are  continually  going  through  the  process  of 
growing  from  small  drops  into  drops  large  enough  to  be  broken.  Every  time  a 
drop  breaks,  a  separation  of  electricity  takes  place,  the  water  receives  a  positive 
charge,  and  the  air  a  corresponding  amount  of  negative  ions.  The  air  carries 
away  the  negative  ions,  but  leaves  the  positively  charged  water  behind.  A  given 
mass  of  water  may  be  broken  up  many  times  before  it  falls,  and,  in  con- 
sequence, may  obtain  a  high  positive  charge.  When  this  water  finally  reaches 
the  ground,  it  is  recognised  as  positively  charged  rain.  The  ions  which  travel 
along  with  the  air  are  rapidly  absorbed  by  the  cloud  particles,  and  in  time  the 
cloud  itself  may  become  highly  charged  with  negative  electricity.  Now  within 
a  highly  electrified  cloud  there  must  be  rapid  combination  of  the  water  drops, 
and  from  it  considerable  rain  will  fall :  this  rain  will  be  negatively  charged. 

A  rough  quantitative  analysis  shows  that  the  order  of  magnitude  of  the 
electrical  separation  which  accompanies  the  breaking  of  a  drop  is  sufficient  to 
account  for  the  electrical  effects  observed  in  the  most  violent  thunderstorms. 
All  the  results  of  the  observations  of  the  electricity  of  rain  described  in  the 
paper  are  capable  of  explanation  by  the  theory,  which  also  agrees  well  with  the 
actual  meteorological  phenomena  observed  during  thunderstorms. 
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THE   INTERDIURNAL   VARIABILITY  OF  TEMPERATURE   IN 
ANTARCTIC  AND   SUB-ANTARCTIC  REGIONS. 

By  R.  C.   MOSSMAN,  F.R.S.E.,  F.RMetSoc. 

[Read  June  16,  1909.] 

In  a  region  like  the  Antarctic,  where  the  prevailing  temperature  and 
pressure  distribution,  wind  circulation,  and  general  topography  are  but 
imperfectly  understood,  it  is  not  possible  to  discuss  any  meteorological 
question  with  that  confidence  which  we  associate  with  a  substantial 
backing  of  observational  data.  Although  the  past  decade  has  witnessed  a 
great  effort  by  international  co-operation  to  roll  back  the  veil  of  mystery 
which  until  recent  years  enshrouded  this  region,  yet  the  unexplored 
areas  absolutely  unrepresented  by  any  data  are  so  large,  and  the  distances 
separating  the  sphere  of  work  of  the  various  expeditions  are  so  great,  that 
at  best  we  can  only  obtain  a  glimpse  here  and  there  of  the  climatic  features 
of  the  region  south  of  lat.  60"*  S. 

The  present  inquiry  deals  with  the  variability  of  temperature,  or  day 
to  day  difference  in  the  mean  temperature  of  successive  days,  at  a  few 
places  for  which  the  necessary  detailed  daily  observations  are  available. 
There  still  remain  for  discussion  the  results  of  the  German,  French,  and 
Swedish  expeditions,  the  detailed  reports  of  which  have  not  yet  appeared. 
Further  data  of  an  important  character  will  also  be  furnished  by  Charcot's 
expedition  now  in  the  field,  and  also  from  Mr.  Shackleton's  expedition. 

In  the  following  discussion  of  the  results  I  have  adopted  a  very 
general  treatment  of  the  data,  because  any  conclusions  that  are  arrived 
at  outside  of  the  established  fundamental  factors  governing  the  variability 
of  temperature  are  necessarily  of  a  highly  tentative  nature.  This  paper, 
however,  may  not  improbably  help  to  throw  light  on  special  points  con- 
nected with  Antarctic  climatology  which  might  otherwise  be  overlooked. 

Position  of  Stations  and  Sources  of  Information. 

The  following  are  the  stations  for  which  the  temperature  variability 
was  computed.     The  data  refer  to  either  one  or  two  years. 

Discovery. — The  British  Antarctic  Expedition  spent  two  years  (February 
9,  1902,  to  January  31,  1904)  at  Ross  Island,  lat.  78°  49'  S.,  long.  166° 
20'  E.  The  station  lay  close  to  the  west  coast  of  a  great  bay,  while  the 
westerly  coast-line  ran  northward  from  the  station  for  about  9°  of  latitude. 
The  temperature  variability  has  been  computed  from  daily  means  based 
on  observations  taken  every  two  hours,  the  daily  temperatures  being 
given  in  "National  Antarctic  Expedition,"  1901-1904,  Meteorology^  Part  I. 
pp.  374-384. 

Cape  Adair — The  Southern  Cross  Expedition,  organised  at  the  expense 
of  Sir  George  Newnes,  Bart.,  M.P.,  was  under  the  leadership  of  Mr.  C.  E. 
Borchgrevink.  The  station  was  located  at  Cape  Adair  (lat.  71°  18'  S., 
long.  170°  9'  30"'  K),  and  here  observations  were  taken  from  March  3, 
1899,  to  January  29,  1900.  Cape  Adair  is  the  extremity  of  a  peninsula 
about  20  miles  long,  forming  the  north-eastern  shore  of  a  large  bay 
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called  Robertson  Bay.  The  station  was  situated  on  a  bank  of  pebbles 
facing  the  open  sea  to  the  north  and  west,  and  Kobertson  Bay  on  the 
south  and  south-west.  A  range  of  mountains  averaging  3000  feet  in 
height  lay  behind  to  the  east  and  south-east,  the  base  of  the  mountains 
being  1000  yards  from  the  thermometer  screen.  Observations  were  made 
at  intervals  of  two  hours  between  the  hours  of  9  A.M.  and  1 1  P.M.,  but 
from  June  13  to  July  31  every  two  hours  night  and  day.  The  tempera- 
ture variability  has  been  computed  from  the  mean  of  the  9  A.M.  and 
9  P.M.  readings,  the  following  being  the  values  thus  obtained  irom  March 
1899  to  January  1900  : — 

March.     April.      May.       June.      Jaly.     August     Sept        Oct        Not.        Dec.        J&n. 
2*3        4^6        e'^-S        77        8*9        9*4        6*4        5*1        4*2        2*0        2*3 

During  the  44  days  June  18  to  July  31,  during  which  period  the 
temperature  was  taken  at  two-hourly  intervals,  the  mean  variability  was 
7°'6,  calculated  from  daily  means  deduced  from  12  readings,  and  8''*4 
from  the  mean  of  9  A.M.  and  9  P.M.,  consequently  the  above  values  give 
too  high  a  mean  for  strict  comparison  with  the  values  from  the  other 
stations  which  are  derived  from  mean  temperatures  based  on  a  large  number 
of  daily  observations.  For  the  winter  season  (June,  July,  and  August)  the 
values  given  in  Table  I.  have  been  reduced  by  O'^'Q  in  conformity  with 
the  above  comparison,  and  a  smaller  correction  applied  to  the  other 
months.  The  correction  applied  was  -  0°*6  for  May  and  September,  -  O^^'S 
for  April  and  October,  -  0°*4  for  November,  and  -  0°'2  for  the  summer 
months  including  March;  the  means  for  February  are  interpolated. 
In  the  further  analysis  of  the  data  the  values  refer  to  temperature  means 
deduced  from  the  9  a.m.  and  9  p.m.  observations.  The  temperature  data 
are  given  in  extenso  in  Magnetical  and  Meteorological  Observutions  made  by  the 
''Southern  Cross"  Antarctic  ExpedUion  1898-1900,  pp.  64-85. 

Belgica. — The  observations  during  the  Belgica  Expedition  were  made 
in  the  pack  where  the  ship  was  frozen  in  for  over  a  year.  The  longitude 
varied  from  80|°  to  97°  W.,  but  the  latitude  only  between  69|°  and 
71^°  S.  The  period  described  is  from  March  1898  to  February' 1899, 
and  detailed  hourly  values  are  given  in  M.  Arctowski's  report^  Expedition 
Antarctiqne  Beige :  "  M6t^orologie :  Rapport  sur  les  observations  m6t6oro- 
logiques  horaires." 

South  Orkneys, — This  was  the  winter  station  of  the  Scottish  National 
Antarctic  Expedition  in  1903.  This  group  consists  of  two  large  islands 
and  a  number  of  small  ones.  The  observing  station  at  Scotia  Bay  is  in 
lat.  60°  44'  S.,  long.  44°  39'  W.,  and  is  situated  on  a  narrow  beach 
separating  two  bays.  Mountains  from  1000  to  2000  feet  lie  to  the  west 
of  the  station.  Detailed  hourly  observations  are  given  in  Scieniific  Be^ts 
of  the  Scotia,  vol.  ii.  pp.  111-127,  and  in  Anales  de  la  Ofidna  Meteorologica 
Argentina,  vol.  xvi.  pp.  36-47.  The  period  discussed  is  the  two  years 
ending  March  31,  1905;  the  values  for  the  first  three  months  of  1905 
being  taken,  by  permission  of  Mr.  W.  Gr.  Davis,  from  the  MS.  observa- 
tions, now  in  course  of  publication  by  the  Argentine  Meteorological  Office. 

South  Georgia, — This  is  a  large  island  some  22°  of  longitude  east  of 
the  Falkland  Islands.  The  data  refer  to  two  stations — viz.  that  occupied 
by  the  German  Expedition  of  1882-83  at  Molke  Haven,  lat  54°  31'  S., 
long.  36°  W.,  on  the  north  side  of  the  island,  and  another  station  on  the 
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south  side  of  the  island  at  Grytviken,  in  lat.  64°  14'  S.,  long.  36""  33'  W., 
for  which  hourly  values  are  available  since  July  1907.  -The  data  dis- 
cussed are  therefore  for  two  years,  1882-83  and  1907-8;  the  values  for 
the  former  year  being  taken  from  Die  internationde  Polarforschung,  1882-83, 
Die  Beobachtungsergebnisse  der  deutschen  Stationen,  Band  ii. :  sud-Georgien, 
and  for  1907-8  from  the  MS.  sheets  by  permission  of  Mr.  W.  G.  Davis. 

Falkland  Islands. — The  observations  refer  to  Cape  Pembroke  for  the 
years  1903  and  1904.  The  daily  means  were  computed  from  four-hourly 
observations  given  in  extenso  in  pp.  218  to  243  of  the  Scieniijic  Results 
of  the  "Scotia,''  vol.  ii.  The  position  of  this  station  is  lat  50°  41',  long. 
57'  43'  W. 

Orange  Bay  and  Ushuaia, — The  data  for  Orange  Bay  and  Ushuaia  refer 
to  means  deduced  from  hourly  observations  at  the  former  and  tri-daily 
observations  at  the  latter  station.  The  data  appear  in  Mission  Scientifiqiie 
du  Cap  Horn,  1882-83,  tome  ii.  "  M^t^orologie,"  the  Orange  Bay  values 
being  given  in  pp.  26  to  47,  and  the  Ushuaia  means  in  pp.  90  to  134.  The 
period  covered  by  the  Orange  Bay  observations  is  from  October  1882 
to  August  1883,  the  means  for  September  being  interpolated  to  complete 
the  year.  For  Ushuaia  the  data  refer  to  the  year  ending  November  1883. 
Orange  Bay  is  in  55°  31'  S.  lat.,  68°  05'  W.  long.,  and  Ushuaia  in 
lat.  54°  52',  long.  68°  07'  W.  Orange  Bay  is  open  to  the  east,  and 
there  are  high  mountains  close  to  both  stations. 

New  Yearns  Island, — This  is  a  small  island  close  to  Staten  Island,  in 
iat.  54°  39',  long.  64°  07'  W.  The  data  refer  to  one  year,  viz.,  that  of 
1905,  and  the  mean  temperature  was  deduced  from  seven  observations 
daily,  taken  at  7,  8,  and  10  A.M.,  and  1,  4,  7,  and  10  P.M;  these  observa- 
tions are  in  MS. 

Factors  affecting  the  Variability  of  Temperature. 

The  variability  of  temperature,  as  is  well  known,  is  least  in  oceanic, 
and  greatest  in  continental  localities.  Where  there  is  much  moisture  the 
day  to  day  changes  are  small,  but  in  continental  regions  where  there  is 
little  water- vapour,  great  temperature  changes  take  place.  An  important 
factor  in  this  connection  is  the  position  which  the  station  occupies  with 
reference  to  the  track  of  cyclones,  because  the  greater  the  frequency  of 
wind-variation  the  larger  will  be  the  variability.  This  cyclonic  effect  is 
at  a  winter  maximum  at  such  places  as  the  South  Orlmeys,  which  for 
some  six  months  of  the  year  are  on  the  edge  of  a  continent^  owing  to 
the  freezing  up  of  the  Antarctic  Ocean,  while,  at  the  same  time,  strictly 
oceanic  conditions  prevail  at  no  great  distance  to  the  north  of  the  station. 
At  the  South  Orkneys  we  have  a  very  great  difference  in  the  mean 
temperature  of  the  winds.  For  the  seven  months,  April  to  October  1903, 
the  south  wind  had  a  mean  temperature  of  only  5° '2,  while  the  north- 
west was  as  high  as  26°'9,  a  difference  of  21°'7.  At  Cape  Pembroke, 
Falkland  Islands,  there  was  only  a  difference  of  7°'0  between  the  warmest 
and  coldest  wind  during  the  same  period.  It  is  therefore  easy  to  under- 
stand why  the  variability  of  temperature  should  be  so  much  greater  at 
the  southern  station,  as  the  South  Orkneys  further  appear  to  lie  in  or 
near  to  the  central  track  of  the  rapidly  moving  cyclonic  systems,  which, 
after  passing  south  of  Cape  Horn,  frequently  strike  south-east  into  the 
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Weddell  Sea,  a  little  to  the  west  of  the  South  Orkney  group. ^  The 
Falkland  Islands,  on  the  other  hand,  lie  well  to  the  north  of  the  normal 
cyclonic  track,  and  here  the  changes  in  wind  direction  were  not  nearly 
so  sharp  as  at  the  southern  station,  where,  as  we  have  seen,  the  tempera- 
ture contrast  between  a  sea  and  what  is  essentially  a  land  wind  are  so 
marked,  owing  to  the  sea  being  frozen  to  the  south.  At  the  winter 
quarters  of  the  Discovery  the  variability  was  considerably  less  in  winter 
and  greater  in  summer  than  at  the  South  Orkneys.  In  other  words,  the 
contrast  between  a  sea  and  a  land  wind  was  less  in  winter  and  greater  in 
summer  than  at  the  South  Orkneys.  Gape  Adair,  some  460  miles  to  the 
north  of  Boss  Island,  where  the  Discovery  was  frozen  in  for  two  years, 
was  much  under  the  influence  of  the  sea,  and  here,  as  at  the  South 
Orkneys,  there  was  a  great  difference  in  the  temperature  of  sea  and  land 
winds — a  feature,  however,  being  the  high  temperature  associated  with 
winds  from  the  eastrsouth-east,  which  partook  of  the  nature  of  a  Fohn. 
At  Cape  Adair  the  variability  was  apparently  greater  than  at  Ross 
Island,  but  as  the  observations  only  extend  over  eleven  months,  and  refer 
to  a  different  period  from  the  Discovery's  records,  one  cannot  dogmatise  on 
this  matter.  At  the  winter  quarters  of  the  Belgica  conditions  of  sea  and 
ice  distribution  seem  to  be  much  the  same  as  at  the  South  Orkneys, 
although  the  latter  station  is  nearly  10  degrees  of  latitude  to  the  north 
of  the  Belgica^s  position.  This  is  supported  by  the  large  difference  on  the 
Belgica  in  the  mean  temperature  of  the  wind  during  the  winter  season, 
the  south-west  wind  having  a  mean  temperature  of  -  9°-9,  and  the 
north-east  (in  which  direction  the  open  sea  was  nearest)  a  mean  of  12*" '6, 
a  difference  of  22°'5.  As  the  lowest  mean  of  all  -  12°1  was  recorded 
during  calms,  the  greatest  temperature  change  would  occur  at  this  season, 
when  a  calm  was  succeeded  by  a  wind  from  the  north-east.  As  pointed 
out  by  Dr.  Shaw,^  the  lowest  temperatures  in  the  Antarctic  "  are  likely  to 
be  found  in  stagnant  air,  and  any  wind  that  disturbs  stagnant  air  will  be 
a  warm  wind."  "With  regard  to  places  in  the  Gape  Horn  region  and  in 
the  ocean  to  the  east^  the  temperature  variability  is  greatly  reduced, 
because  conditions  are  in  the  main  insular.  To  this  there  are  some  slight 
exceptions.  At  Ushuaia  in  Tierra  del  Fuego,  owing  to  the  presence  of 
high  mountains  and  the  station  being  at  some  distance  from  the  open 
ocean,  conditions  are  somewhat  continental  during  the  winter,  while  at 
South  Georgia  the  relatively  frequent  occurrence  of  Fohn,  and  the  com- 
parative proximity  of  pack-ice  to  the  east  and  south,  are  factors  which 
increase  the  temperature  variability  at  this  station.  These  influences  are 
not  present  at  such  strictly  insular  situations  as  the  Falkland  Islands, 
New  Year's  Island,  and  Orange  Bay,  where  a  small  and  steady  tempera- 
ture variability  prevails  at  all  seasons  of  the  year,  these  stations  being 
also  in  the  Westerly  wind  system,  where  great  variations  in  wind  direction 
are  somewhat  infrequent. 

General  Summary  of  the  Results. 

The  monthly,  annual,  and  seasonal  values  of  temperature  variability 
are  given  in  Table  I.       With  regard  to  the  seasons,  Spring  includes 

1  National  Antarctic  Expedition,  1901-1904,  "Meteorology,"  Part  L  p.  447. 
«  Ibid,  p.  X. 
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September,  October,  and  November;  Summer,  December,  January,  and 
February ;  Autumn,  March,  April,  and  May ;  and  Winter,  June,  July,  and 
August.  This  distribution  of  seasons  is  not  quite  in  accordance  with 
what  is  actually  the  case  in  high  latitudes,  where  a  different  grouping  of 
months  would  have  better  represented  the  seasons,  but  as  data  from 
comparatively  low  latitudes  are  also  under  discussion,  it  was  necessary  to 
adhere  to  what  one  may  term  the  natural  groupings  for  the  temperate 
zone.  Looking  at  the  annual  values  given  in  Table  L,  it  will  be  seen  that 
the  greatest  mean  annual  temperature  variability,  viz.  d^'O,  was  recorded 
during  the  "  drift "  of  the  Belgica  in  the  ice-pack,  this  high  value  being 
closely  followed  by  a  mean  of  5° -3  at  the  South  Orkneys. 

In  the  Victoria  Land  region,  Ross  Island  and  Cape  Adair  have  a 
somewhat  lower  temperature  variability  of  4°*5,  the  values  of  the  southern 
station  being  higher  in  summer  and  autumn,  and  lower  in  winter  and 
spring  than  at  the  northern  station.  South  Georgia  occupies  an  inter- 
mediate position  between  a  continental  and  an  oceanic  climate  in  its  curve 
of  variability,  the  mean  monthly  values  varying  according  to  the  proximity 
of  the  pack-ice.  At  this  station  the  seasonal  values  show  a  smaU  variation, 
and  this  is  also  the  case  at  Ushuaia  in  Tierra  del  Fuego.  The  variability 
at  the  Falkland  Islands  and  New  Year's  Island  is  very  small,  pointing  to 
the  conserving  influence  exerted  by  the  insular  conditions  which  prevail 
at  these  places.  The  maximum  variability  occurs  in  winter,  and  the 
minimum  in  summer,  at  the  three  Antarctic  stations  as  well  as  at  South 
Georgia  and  the  South  Orkneys.  The  smallest  variability  at  any  season 
for  any  station  occurs  at  the  South  Orkneys  in  summer,  being  only  l""-*. 
It  is  at  this  season  that  cloud  amount  and  fog  frequency  are  at  a 
maximum,  while  at  the  same  time  rapidly  moving  cyclonic  disturbances 
are  of  unfrequent  occiu'rence. 

Table  II.  gives  for  the  six  stations  the  data  of  which  are  analysed  in 
full,  the  total  number  of  cases  (days)  in  which  the  mean  daily  temperature 
has  changed  from  one  day  to  the  next,  from  O**'!  to  2°*0,  from  2''"1  to 
^'''O,  and  so  on.  The  strong  contrast  between  summer  and  winter  is  a 
marked  feature  at  the  Antarctic  stations  and  the  South  Orkneys,  the 
greatest  temperature  variations  taking  place  in  the  winter  months.  The 
smallest  interdiurnal  changes  are  the  most  frequent  Great  rises  of 
temperature  take  place  more  frequently  than  great  falls.  Positive 
changes  of  35°  4  on  the  Belgica,  and  of  d^'^'G  at  Ross  Island,  have  been 
noted,  while  the  greatest  negative  daily  differences  have  been  34° *6  on 
the  Belgica  and  33°* 2  at  the  South  Orkneys.  On  the  other  hand,  the 
maximum  rise  at  Cape  Pembroke,  Falkland  Islands,  in  two  years  was 
only  9°-4,  and  the  greatest  fall  8°-4. 

Table  III.  shows  the  mean  of  all  the  rises  and  falls  of  temperature 
for  the  months  and  the  year,  while  Table  IV.  gives  the  seasonal  values. 
It  will  be  seen  that  in  almost  every  case  the  mean  of  the  temperature 
rises  is  greater  than  the  mean  of  the  temperature  falls.  At  Cape  Adare 
in  spring  and  at  the  Falkland  Islands  in  winter  the  reverse  of  this  is  the 
case.  The  maximum  excess  of  temperature  rises  over  temperature  falls 
on  the  mean  of  the  year  occurred  at  Koss  Island,  and  on  the  Belgica  the 
difference  being  0°-7,  while  at  the  South  Orkneys  and  South  Georgia  the 
difference  was  0°'6.  At  Cape  Adair  the  positive  values  show  an  excess 
of  only  0°-2  over  the  negative,  and  at  the  Falkland  Islands  only  0°*1. 
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TABLE  III. — Showing  for  thr  Months  and  the  Year  the  mean  amount  in 

DEORBEH  OF  RiSBS  AND   FaLLS   IN  TEMPERATURE. 


Ditccvtry. 

Cape  Adair. 

BtlgicA, 

South 
Orkneys. 

South 

Falkland 
Islands. 

1 

RUes. 

FalU. 

Rises. 

Falls. 

Rises. 

Falls. 

Rises. 

Falls. 

Rises. 

Falls. 

Rises. 

1 
Falk 

o 

0 

e 

0 

0  ^ 

0 

e 

e 

• 

0 

0 

January     . 

2-0 

2-1 

2-3 

2-2 

1-6 

1-2 

1-3 

1-7 

30 

2-8 

2-5 

1-9 

February  . 

28 

2-8 

... 

21 

2*1 

1-7 

13 

40 

3-9 

2-4 

^•3  , 

March 

3-5 

50 

^'l 

2.2 

5-5 

4-6 

2-3 

2-6 

4-i 

3-6 

2-4 

2.4 

April 

4-0 

4-5 

4.8 

4-5 

9-7 

7-5 

5-4 

4.9 

48 

2-5 

2-3 

2-6    1 

May . 

7-4 

5-2 

6-3 

6-3 

7-3 

6.4 

97 

7-4 

4-3 

3-7 

2-2 

2  1 

June. 

6.9 

5? 

8-8 

6.9 

9-0 

12-3 

9-8 

l\ 

30 

3-5 

2-4 

^'l    , 

July .         .         . 

7-0 

58 

9.9 

7-9 

7-4 

7-9 

9-3 

4-9 

41 

2-0    '   2-7 

August 

69 

61 

9-3 

9-.$ 

12*8 

71 

9-3 

91 

6-2 

.S-o 

20 

20    , 

September 

70 

4-6 

5-4 

7-4 

9-3 

7-8 

7-6 

6.9 

5-5 

46 

1-8 

20    1 

October     . 

5-1 

3-5 

4-6 

5.8 

51 

4-2 

6-3 

.$•4 

3-6 

29 

19 

1-8 

November 

3-2 

3-7 

51 

3-2 

3-6 

40 

26 

18 

3-4 

2-8 

1-9 

1-6 

December 

30 

2-5 

21 

20 

27 

18 

1-4 

II 

2-5 

23 

2-2 

1.9  . 

Year 

4-9 

4-2 

5-5 

5-3 

6-3 

56 

56 

5.0 

41 

35 

2-2    j   2-1    ' 

At  Ross  Island  the  monthly  values  show^  a  distinct  bi-annual  period.  The 
negative  values  are  in  some  months  greater  than  the  positive,  from 
November  to  April,  while  from  May  to  October  the  positive  values  are 
greatly  in  excess  of  the  negative.     In  other  words,  some  force  is  at  work 

TABLE  lY.— Srowino  foe  the  Seasons  the  Mean  Amount  in  degrees 
OF  Rises  and  Falls  in  Temperature. 


Station. 

Spring. 

Summer. 

Autumn. 

Winter. 

Ri!ies. 

Falls. 

Rises.      Falls. 

Rises. 

Falls. 

Rises. 

Falls. 

0 

0 

0, 

0 

0 

0 

0 

<> 

Discovery 

51 

3-9 

26 

2-5 

50 

4.9 

6.9 

5-6 

Cape  Adair 

5.0 

5-5 

2-2 

2-1 

4-5 

4-3 

9-3 

8.1    1 

Belgica  .... 

6.0 

5-3 

21           17 

76 

62 

9-7 

9-1 

South  Orkneys 

5-5 

47 

15     1     1-4 

5.8 

50 

9-5 

9-0 

South  Georgia 

4-2 

3-4 

3-2    ;    30 

4.4 

3-3 

47 

4-2 

Falklands 

19 

1.8 

2.4    1    20 

1 

2-3 

2-4 

21 

.-3 

during  the  winter  to  cause  large  rises  of   temperature,  and   this  force 
continues  till  well  into  the  spring. 

Table  V.  shows  for  each  month  the  total  number  of  cases  in  which  the 
mean  daily  temperature  was  rising  (  +  )  or  falling  (  -  )  continually  during 
periods  of  from  one  to  eight  days.  When  a  period  began  in  one  month 
and  continued  into  the  month  following  the  values  have  been  entered  to 
the  former  month.  In  Table  YI.  the  annual  values  have  been  expressed 
in  percentages  for  periods  of  rising  and  falling  temperatures  as  well  as  for 
both  combined.  The  most  frequent  period  is  that  of  one  day,  the  values 
ranging  from  40  per  cent  at  Eoss  Island  to  51  per  cent  on  the  Belgica. 
Periods  of  two  days  are  relatively  frequent  at  South  Georgia  and  the 
Falklands,  and  periods  of  three  days  are  at  a  maximum  in  South  Victoria 
Land  and  at  a  minimum  at  South  Georgia.     Periods  of  more  than  three 


Digitized  by 


Google 


MOSSMAN— TEMPERATURE  VARIABILITY  IN  ANTARCTIC  REGIONS     269 


O 

Ha 
O 

H 
A 

I 

H 

s 


•-iWNt-ii-iiH»H      ;M»-* 


eo 

:  iM  M  M    :    :  w  roN  «-• 

« 

fO 

:N«Tftnc*>mmNfo  :ro 

rH 

w 

:  ^N  Nm^-rofO'^  'f^ 

8> 


•^    ::::::  ^ 


f    • 


M  M  iH  row  iH  fo  :        :  1-4  w 
:fON«m  :«HWfo»H^N 


M      "-"di-i^iHeiwrowri-iw 

I-*        1^  iH  ir>  ^  ^  "vf  <«f  \0  ^  ^vo  t»* 


to 

kO 


N   I 


W  I 


MMMfOlH^OMlHMMO 

oovooo  t<Hmro*oto*ni-4  mvO 


ci  •^M^H«MrOi-iMMmfoc< 
w  vn  «  moo  ^  fo  i>.no  *onO  n  ^ 
^       O  vo  "^  r>*oo  NO  oo  u^  m  ON  *o  o 


(A 

1 

PQ 


§  +  - 


«    :»-•««    :  roro»H  mfnN 
O  "^  m  ^00  »>.  m  ro  t<H  m  **»  "^ 


■J.ii 


I 


§-83  sj^g 


wO^ 


o 

s 


-co        ^fOT|-«  «  roM  tnro^«  w 
I-*       m tnoo  r>»oo  mo  m ro O^ m t^ 


i, 


.11 

a 


a- 


o»(5 


Digitized  by 


Google 


270     MOSSMAN— TEMPERATURE  VARIABILITY  IN  ANTARCTIC  REGIONS 


>* 

^ 


I 


i 


P3 


00 


•  M  C4  •-•  (^    :  *•   :  M 


s 


+  00      «i-4fo:NTi-««r*i:fo«o 
M       »n  o^oo  ^  c^  »o^o  Tl-  fO  »o  t<H  fO 


..    I   

• 

2     

1     

^mc4mi-4>^m    :    :iH«>* 

90  :«    :5*-i-i^fON»-iforo: 

C^  5*-  fO  *<%  5*-  iTi  ^  ^roo  ^  ^  rovo 

1-4  o  00  o  ^  o^oo  IT)  iN,vo  00  m  ov 

g  ^  1  I  ;  i  i  :  i  !  ;  :  :  ; 

s  .        .  

3     »  ;::::-:::::: 

•^     ko  :.Hi-ij:r»H::*,:: 

Q  •  

as 

3  - 


N 


M 


vn  ti-t  ro  ■-•  !>•  rONO  ON  ^  w  to  ^ 
0^t<H»HNO  t«*0  **»^  rooo  Tl-00 


I 


m 


'J.i^^J 


,<!OTO;ziQ 


S; 


00 


I 


M 

H4 

I 

PQ 


6 


e 


00       >sP*0  ro    .     .     .  w 
^6  .i    :    :    :6 

^6    :  6    •  6    • 

to        v««      .  00  NO  to  N 

^^    :d»:.  6  6 

10       >^i-i  u^O  C100  O 

'*^>6  w  <*i«o»i  A 
•*     ^5?  *r«?  ^'P  «> 

00  t^  rn  »o  10  to 


O  vO  >0  tpr(  «0 
'  !>»  Cn\0  »o  <^^  ^ 


fHiO  M    OOONO 


^     ^6  6  «^6  6n<S 


>-3 


G 


I 


.3 

^12 


00 

^«  6  ^  *•    •    •    • 

W 

^^:§  is^iy6' 

i 
3 

in 

^!2    •:^S>6    '^ 

1 

^ 

^$6^0  <*iotnin 

CO 

tf^iooo  m»o"j^ 

« 

vo  ON»o <<f  0*^ 

i-i 

0  0  ovoo  o« 

t^ 

^>§  :  :  :  !  : 

to 

^f  ;  i  i^i* 

to 

^S?3:n6 

^ 

Tjt 

a 

S 
1 

00 

00  to^O  tOTf 
^?  '^  «  6>  «>>s6  N 

09 

Digitized  by 


Google 


MOSSMAN— TEMPERATURE  VARIABILITY  IN  ANTARCTIC  REGIONS     271 


QQ 

H 


H 


O 

S 

O 
Q 


o 

I 

B 

O 

o 
H 


£1 


9  C\  rp  ^  r*  r^  ""^sO  O^  o*  t|-  *<% 


00   '?^*9^^p 


o\  ^9^  ?*^ 


»f>  ONVO  N  00  op  "^f  O^vO  *:*  o  O^ 


O^   1^00  p  00 


I 

o 
•s 

I 


M  rnop  i>.no  »r  •:*  T*"  ^  *P  O  9 


OS   VO  ro»^  ON 


vOOOONmOOOu^  tO^  00   ^ 


t>>      NO  t^oo  o 


r^  Tfso  9V0  <p*f>»7  f^Y*';?" 
rn  "^  f*!  Tf  **)  Th  <^  Tf  rf  ro  ^  c^ 


ON     0000  9  ►H 
*^      p'i  <^  Tf  ^ 


VO  u^op  •^  O  c*  o»  »^  ^00  t^  r^ 


O         ONO  •-•  N 


I  OvX  ONVO  i-ivo  O  •;;•  OvOO  1^ 


ON     ?^^  9^  ^ 


i 


so  »i^«;^rpw  'PT*^  ^^  9 
Th  r'*~<  <^  Tf  rn  «if  ^^  f*^  Tfro  c*> 


ON       »^  9  *OOn 


O  ro  ON  «  5*-  M  Tfoo  Ovvo  t^vo 


9      **  «oo  o 

N         N   N   *^  <>) 


O  rOvO  *n  Ov  9  0»  CO  ONOO  ON  ^ 


0«        O  00  t^  On 


•3 

I 


i§§ 

« 


m  :Tfc*>9opoo9  0N9N«t<H 


i-i        9  N  (S  o 


fO 

:  r^-* 

^ 

^ 

r^ 

9^ 

ONTf 

»^ 

00 

^ 

o 

TfMQO 

W 

•   N   N 

N 

M 

M 

*• 

N 

M 

w 

W 

CI 

■^ 

1 

N 

:  r^  OvONr^ 

^ 

^ 

o 

«o 

^ 

O* 

o 

o 

00 

o 

« 

M 

•  M-i^ 

^ 

•-' 

« 

N 

N 

«4 

N 

■-• 

N 

N 

« 

N 

VO  fOvO   t^   ^  *Ot»*^ON«OOv^ 


^     9  fovooo 


On  m  fO  O  «  r«.vO   Tf  ON  <p  N  i"" 


r*l       O  N  ^  u^ 
«        M  N  N  ^ 


r*  O  ro  •-•  Ovoo  »H  o  O  w  i>  fO 


T        9  T  9  *r* 

N  fl    ^    CI    M 


Digitized  by 


Google 


272     MOBSMAN— TEMPERATURE  VARIABILITY  IN  ANTARCTIC  REGIONS 

days  comprise  1 6  per  cent  of  the  cases  at  the  former  and  only  6  per  cent 
at  the  latter  station,  these  being  the  extremes. 

Table  VII.  shows  the  mean  duration  in  days  of  these  periods  of  rising  and 
falling  temperature  for  the  months,  seasons,  and  the  year,  as  well  as  their 
sum.  The  sum  of  the  periods  on  the  mean  of  the  year  ranges  from  3*6  days 
at  South  Georgia  to  4 '4  days  at  Ross  Island.  Temperature  rises  in  general 
more  slowly  than  it  falls,  this  being  also  the  case  in  the  Arctic  regions  in 
high  latitudes.  (See  Mohn's  Bepart  on  the  Meteorology  of  the  ^^Fram" 
Norwegian  North  Polar  Expedition^  "Scientific  Kesults,"  vol.  vi.  p.  492.) 

Table  YIII.  shows  the  seasonal  percentage  frequency  of  rises  and  falls 
of  temperature.  It  will  be  observed  that  at  every  station  there  are  more 
falls  than  rises,  the  excess  being  greatest  (8  per  cent)  at  South  Georgia 
and  least  (0*2  per  cent)  at  the  Falkland  Islands.  For  the  Discovery^  C^pe 
Adair,  and  the  South  Orkneys,  the  excess  is  nearly  of  the  same  amount  at 
all  three  places.  Perhaps  the  most  interesting  point  disclosed  by  an 
inspection  of  the  seasonal  values  is  the  relatively  large  percentage  of  days 
with  falling  temperature  during  the  winter  season  at  Ross  Island  and 
South  Georgia,  the  same  being  characteristic  of  the  autumn  months  at 
Cape  Adair,  on  the  Belgica,  at  the  South  Orkneys,  and  South  Georgia. 
On  the  other  hand,  the  frequency  of  temperature  rises  at  Cape  Adair  in 
spring  is  more  pronounced  than  at  any  other  station  during  any  season 
of  the  year.    • 


TABLE  VIII.— Seasonal  Percentage  Frequency  of 

Temperature. 

Rises  and 

Falls  of 

Spring 
Summer     . 
Autumn      . 
Winter       . 

Year. 

Discmttry, 

Cape  Adair. 

Belgica. 

South 
Orkneys. 

South 
Georgia. 

Falkland 
Islands. 

+       - 

48-7  51-3 
48-6  51-4 
48.6  51.4 
42-1  57-9 

46.9  53. 1 

+       - 

55.0  45-0 
51-0  490 
43-2  568 
47-9  52-1 

49-1  50-9 

+       - 

495  505 
47-8  522 
418  582 
490  51.0 

47-0  530 

+       - 

46-5  53-5 
49-4  506 

45-1  54-9 
47-9  52- 1 

47-2  528 

+       - 
462   53.8 
49-4  50-6 
429  57-1 
45.4  546 

46-0  54-0 

+       - 
51.4  486 

48-6  514 

509  49-1 
49.9  501 

Temperature  VARiABiLrrY  at  a  Polk  of  Cold. 

In  order  to  get  some  idea  of  the  variability  of  temperature  at  a  pole 
of  cold  I  have  analysed  the  winter  data  at  Verkhoiansk  ^  (lat  67°  10'  N., 
long.  157°  10'  K)  for  the  months  of  January,  February,  and  December 
for  the  years  1900-1902. 

The  values  are  as  follows : — 


Month. 


December 

January 

February 

Mean 


Variability. 

Period. 

Rises. 

Falls. 

Weighted 
Mean. 

0 

Rising. 

Falling. 

Sam. 

0 

• 

Days. 

Days. 

Days. 

10-7 

10-0 

10-2 

1-7 

20 

37 

6-6 

6-9 

6-7 

2-1 

1-7 

8-8 

8-9 

8-4 

87 

1-8 

2  0 

8-8 

87 


8-4 


8-6  1-9  1-9  8-8 

*  Daily  mean  temperatures  are  given  in  Annalu  de  VObaervatoirt  Physique  Central 
Nicdcu^  publi^es  par  M.  Rykatchew,  II.  partie,  for  the  years  specified. 
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Hence  at  the  Siberian  pole  of  cold  the  winter  temperature  variability 
is  much  the  same  as  at  the  South  Orkneys  and  the  region  covered  by  the 
drift  of  the  Belgica,  While  this  is  so,  yet  from  time  to  time  temperature 
changes  of  a  magnitude  of  which  we  have  no  record  from  the  Antarctic 
take  place.  Thus  the  mean  temperature  of  December  3,  1901,  was  no  less 
than  51°'3  higher  than  the  mean  of  the  previous  day,  and  this  great  rise 
was  followed  by  a  fall  of  33°'7  in  the  mean  temperature  of  December  4. 
It  is  not  unlikely  that  such  great  changes  are  also  characteristic  of  the 
Antarctic  cold  pole,  as  the  passage  of  a  very  deep  depression  even  600  or 
800  miles  to  the  north  could  hardly  fail  to  produce  a  great  disturbance  of 
thermal  conditions  in  the  anti-cyclonic  region. 

Temperature  Variability  in  a  Sea  covered  with  Ice  in  Summer. 

It  may  be  of  interest  to  give  the  results  of  an  analysis  of  the  variability 
of  temperature  in  summer  in  the  Greenland  Sea  area  based  on  observations 
extending  over  1 5  Mays,  1 6  Junes,  and  1 1  Julies.  For  May  and  June 
the  data  are  complete,  but  July  gives  an  average  of  24  days'  observations 
per  month.  (See  "The  Greenland  Sea,  its  Summer  Climate,  and  Ice 
Distribution,"  Scottish  Geographical  Magazine^  June  1909.) 

The  values  are  as  follows  for  a  mean  position  of  about  77°  N.  latitude 
and  5°  of  E.  longitude. 

Temperature  Variability.  Period. 


Month. 

Rises. 

Falls. 

Weighted 
Mean. 

3*2 
1-9 
1-6 

Rising. 

Falling. 

Sum. 

May    . 
June  . 
July   . 

3^3 
2-0 
2-0 

3^2 
1-9 
1-5 

Days. 
2  1 
1-9 
1-6 

Days. 
1-8 
1-6 
2-0 

Days. 
3-9 
3-6 
3-6 

2-4  2-2  2-3  1-9  I'S  3-7 

These  results  are  in  close  accordance  with  the  values  given  by  Mohn  ^ 
for  the  Fram  Expedition.  It  will  be  seen  that  in  July  the  mean  period 
of  falling  temperature  was  greater  than  that  of  the  rising  temperature,  and 
this  also  agrees  with  Mohn's  results. 

The  percentage  frequency  of  periods  during  which  temperature  rose 
or  fell  for  the  above  three  months  is  given  in  the  following  table.  The 
longest  period  of  rising  temperature  is  8  days  and  of  falling  temperature 
5  days. 

Days         12  3  4 

h 

4-9 

±         47-4        32-0        11-3        6-1        2-1        0*6        0*3        03  388 

Hence  it  will  be  seen  that  in  nearly  80  per  cent  of  the  cases  the  periods 
were  one  or  two  days. 


1 

% 

2 

% 

3 

% 

43-7 

30-5 

12-6 

50-7 

33-1 

10-8 

5 

6 

7 

8 

No.  of 

% 

% 

% 

% 

Periods. 

3-3 

11 

0-6 

06 

183 

10 

... 

205 

DISCUSSION. 

Mr.  W.  W.  Bryant  said  he  thought  the  paper  would  have  been  more 
valuable  had  there  been  a  longer  period  for  discussion.     As  it  was,  it  would  be 
*  yaruxgian  North  Polar  Expeditvm,  "Scientific  Results,"  vol.  vi.  pp.  488-492. 
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difficult  to  accept  all  the  conclusionB  arrived  at  by  Mr.  Moesman.  It  was 
interesting  to  find,  as  at  Qreenwicb,  a  sudden  great  rise  of  temperature  more 
frequent  than  a  sudden  great  fall.  A  change  of  51*  in  mean  temperature  from 
day  to  day  would  be  decidedly  uncomfortable. 

Colonel  H.  £.  Rawson  said  he  considered  the  paper  an  exceedingly  interest- 
ing one.  He  was  very  anxious  to  get  more  data  of  the  temperature  in  those 
regions,  because  the  oscillation  of  the  belt  of  high  pressure  in  the  Southern 
Hemisphere  seemed  to  be  related  to  the  ice-drift  When  the  high-pressure  belt 
was  far  north,  the  ice  was  also  found  far  north,  but  when  the  belt  over  South 
Africa  was  far  south,  then  the  ice-drift  everywhere  was  also  far  eouth,  and  this 
evidently  would  affect  the  temperature  of  those  regions.  The  record  of  the 
very  great  difference  in  the  mean  temperature  reminded  him  of  Canada,  where  a 
change  of  45°  produced  rather  startling  results.  The  nails  in  woodwork  would 
fly  out  from  the  wall  suddenly ;  while  he  had  seen  a  white  tie  that  had  been 
washed  break  whilst  being  tied. 

Dr.  W.  N.  Shaw  said  Mr.  MoBsman  was  to  be  commended  for  the  industry 
and  ability  with  which  he  had  discussed  the  matters  in  his  paper.  He,  Dr. 
Shaw,  was  curious  to  know  why  a  period  of  days  had  been  selected.  These 
variations  were  remarkably  spasmodic  :  there  would  be  a  sort  of  river  of  cold  air, 
suddenly  met  and  swept  away  by  another  river  of  hot  air,  and  vice  wrso.  These 
rivers  obeyed  no  sun  or  moon,  and  were  entirely  non-periodic.  He  should 
suppose  the  difference  occurring  within  the  limit  of  24  hours  to  be  the  same 
as  the  difference  occurring  between  the  temperature  of  one  day  and  another 
day.  It  would  be  interesting  to  know  if  Mr.  Mossman  had  really  got  the 
correct  facts  when  dealing  with  the  change  of  mean  temperature  in  24  hours. 
If  one  took  the  difference  between  the  mean  maximum  and  minimum  for  the 
day,  the  range  was  large,  but  if  the  average  of  the  readings  of  the  corresponding 
hours  were  taken,  then  the  daily  range  was  hardly  noticeable.  Dr.  Chree,  with 
the  aid  of  mathematical  instruments,  had  taken  a  very  long  time  to  determine 
whether  there  was  a  true  diurnal  variation  or  not.  Should  not  these  variations 
be  got  out  for  two  days  ?  This  had  of  course  not  been  attempted  in  the  paper, 
and  it  would  be  very  difficult  to  undertake  on  the  periodic  variation  taken  at 
present.  He  thought  it  would  have  been  interesting  to  have  taken  the  diurnal 
variation  as  well  as  the  interdiumal. 

Mr.  W.  B.  Tripp  said  it  was  interesting  to  hear  Col.  Rawson's  remarks  on 
the  effect  of  the  sudden  changes  of  temperature.  Similar  phenomena  are  said 
to  occur  in  South  America,  and  the  sudden  changes  of  temperature  from  heat  to 
cold  were  often  particularly  noticeable  during  the  Pamperos  in  Buenos  Aires  by 
those  exposed  to  them.  Sudden  changes  of  temperature  were  said  to  cause  glass 
to  crack,  etc.,  also  to  produce  personal  distortions — he  had  not  himself  witnessed 
such  startling  effects — causing  a  kind  of  "  stroke  "  or  "  ayrie,"  as  it  is  locally 
designated. 

Mr.  W.  Marriott  remarked  that  Mrs.  Mossman  had  come  over  from  the 
Argentine,  and  had  hoped  to  have  been  present  at  the  Meeting,  but  she  was 
detained  in  Edinburgh.  She,  however,  said  in  her  letter  that  Mr.  Mossman  had 
written  saying  that  he  had  discovered  a  monsoon  off  the  coast  of  Chili,  which  he 
considered  the  best  piece  of  work  that  he  had  done. 

The  President  said  he  knew  all  present  would  wish  the  thanks  of  the 
Society  to  be  conveyed  to  Mr.  Mossman  for  his  able  and  interesting  paper.  Mr. 
Bryant's  remarks  illustrated  what  happened  to  any  one  taking  up  a  piece  of 
meteorological  work.  In  spite  of  all  the  data  collected,  there  was  always  more 
required. 
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TESTING  OF  REGISTERING   BALLOON   APPARATUS 
AT  LOW  TEMPERATURES. 

By  Dr.  W.  SCHMIDT  and  ERNEST  GOLD,  M.A.,  F.RMbt.Soc. 

[Read  June  16,  1909.] 

The  following  experiments  were  made  with  a  view  to  ascertaining  if 
appreciable  errors  could  enter  into  the  temperatures  recorded  in  balloon 
ascents  owing  to  errors  in  the  alcohol-COg  method  of  testing  the  apparatus. 
For  this  purpose  a  pair  of  thermo-elements  was  used.  It  consisted 
of  a  single  nickel  wire  which  was  soldered  at  both  ends  to  copper  wires, 
the  circuit  being  completed  through  the  galvanometer.  The  ends  of  the 
thermo-elements  were  enclosed  in  glass  tubes  so  that  the  points  only  were 
exposed,  and  these  were  insulated  by  a  layer  of  paraffin-wax  thin  enough 
to  prevent  it  influencing  considerably  the  lag  of  the  arrangement. 

DeierimnaHon  of  (he  Sensitiveness  of  the  Thermo-element  Arrangement. 

The  following  table  gives  the  results  of  one  determination.  The 
thermo-elements  were  immersed  in  water-baths  at  different  temperatures, 
and  the  water  was  stirred  until  the  galvanometer  reading  did  not  change. 
The  elements  were  then  interchanged  and  a  fresh  reading  taken. 

Element  A.  Element  B.  Galvanometer. 

170  C.  18-0  C.  9-8  cm. 

13-2  17-0  20-8 

21-2  14-5  5-8 

14-6  20-9  24-5 

This  determination  was  made  before  the  experiments  at  low 
temperatures,  and  the  points  were  enclosed  in  thin  rubber,  afterwards 
replaced  by  paraffin-wax. 

A  second  determination,  made  after  the  experiments,  furnished  the 
following  values,  which  are  perhaps  more  reliable. 


Element  A. 

Element  B. 

Galvanometer. 

17-8  C. 

10-7  C. 

2*6  cm. 

10-9 

17-4 

23-5 

17  0 

10-9 

4*4 

11*0 

16-8 

22-4 

14-8 

12-1 

10-0 

12-2 

14-7 

18-0 

The  sensitiveness  has,  therefore,  increased  slightly.  The  first  series 
gives  a  scale  difference  of  2*92  cm.  for  l"*  C.  temperature  difference;  the 
second  series  gives  3*06  cm.  These  values  are  valid,  however,  only  for 
temperatures  of  13^-14^  C.  since  the  thermo-electric  force  of  the 
combination  Gu.-Ni.  is  dependent  on  the  temperature.  If  we  take  the 
numbers  given  by  Fleming  and  Dewar,  we  find  that  for  a  temperature  of 
~  60""  C.,  at  which  the  later  experiments  were  made,  the  sensitiveness  is 
about  75  per  cent  of  its  value  for  IS^'-H'*  C.,  so  that  in  our  case  the 
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scale  difference  at  the  lower  temperature  would  be  about  2*30  cm.  for 
V  C,  temperature  difference. 

The  following  series  shows  that  the  "zero"  was  practically  independent 
of  the  temperature,  and  that  therefore  no  disturbing  thermo-electric  forces 
entered  at  other  places  than  at  both  elements. 

Temp,  of  Bath. 

12-2  0. 

14-2 

24-4 

14-6 

23-5 


ero  Point. 

14-8  cm. 

14-3 

14-4 

14-3 

14-35 

Investigation  of  the  Possible  Errors  in  Testing  the  Thermometers 
of  the  Registering  Balloon  Apparaius, 

The  alcohol-COj  bath  is  contained  in  a  rectangular  trough  34  cm. 
long,  13*5  cm.  wide,  and  18  cm.  deep.  To  prevent  rapid  temperature 
variations  the  trough  is  set  in  a  larger  box  50  cm.  x  30  cm.  x  36  cm., 
and  the  interspace  is  filled  with  wadding.  This  protection  proves  quite 
sufficient,  the  temperature  varying  very  slowly  when  the  bath  is  left  to 
itself. 

The  apparatus  (Bosch)  is  set  vertical  in  the  bath  with  the  bimetal 
thermometer  just  above  the  bottom,  and  the  Hergesell  Tube  Thermometer 
about  3  cms.  beneath  the  upper  surface  of  the  fluid.  The  upper  end  of 
the  Hergesell  thermometer  is  only  3  cm.  from  the  right  end-wall  of  the 
bath.     Near  the  left  end,  between  the  bottom  of  the  apparatus  and  the 
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Section  of  the  Instnunent. 


end  of  the  bath,  is  a  fan  consisting  of  two  blades  on  an  horizontal  axis 
which  is  rotated  by  hand,  the  speed  being  increased  by  a  cog-wheel 
arrangement.  In  an  ordinary  test  the  process  is  from  higher  to  lower 
temperature  in  steps  as  the  COg  snow  is  put  into  the  bath.  The  apparatus 
remains  in  the  bath  the  whole  time,  except  while  the  COg  snow  is  being 


Digitized  by 


Google 


SCHMIDT-GOLD— TESTING  OF  REGISTERING  BALLOON  APPARATUS     277 

poured  in.  But  when  there  is  more  than  one  instrument,  each  apparatus 
is  put  in  separately  for  each  different  temperature,  and  remains  in  only  a 
short  time,  until  it  appears  to  have  taken  up  the  temperature  of  the 
bath. 

By  this  procedure  it  appeared  possible  that  errors  might  arise  in  the 
following  ways : — 

(1)  The  stirring  might  be  insufficient  to  ensure  the  temperature  being 
the  same  throughout  the  bath. 

(2)  The  stirring  might  be  sufficient  for  the  bath  alone,  but  might 
be  insufficient  to  bring  the  apparatus  to  the  same  temperature,  so  that 
the  actual  temperatures  of  both  thermometers  might  be  different,  and 
different  to  that  shown  by  the  alcohol  thermometer. 

(3)  Owing  to  the  fact  that  part  of  the  apparatus  was  always  in  the 
warmer  air  above  the  bath,  it  was  possible  that  conduction  of  heat  might 
introduce  errors  into  the  results. 

To  test  (1)  one  thermo- element  was  put  about  3  cm.  above  the 
bottom  of  the  trough,  and  the  other  about  the  same  distance  below  the 
surface  of  the  fluid.  The  galvanometer  reading  was  18*6  cm.,  and  after 
interchanging  the  thermo-element  13*4  cm.,  showing  a  slight  temperature 
difference.  But  this  became  smaller  as  soon  as  the  fan,  which  had  been 
rotated  only  a  short  time,  was  again  set  in  motion.  The  readings  became 
13*8  cm.  and  14*9  cm.,  and  were  independent  of  the  direction  of  rotation 
of  the  fan.  Thus  in  the  first  case  the  temperature  difference  amounted 
to  nearly  2°*3  C,  and  in  the  latter  to  only  C'S  C,  the  upper  element 
being  in  all  cases  the  warmer. 

To  test  (2)  one  thermo-element  was  put  inside  the  protecting  case  of 
the  bimetal  thermometer,  the  other  in  front  of  the  upper  opening  of  the 
Hergesell  thermometer,  midway  between  it  and  the  wall  of  the  trough. 

Readings  with  ^  with  Elements 

this  arrangement  interchanged. 

14-1  cm.  16*1  cm. 

18-6  16-1 

and  in  a  later  experiment 
13-5  15-1 

14-1  16-1 

These  show  a  temperature  difference  of  about  0°'8  C,  the  upper 
element,  in  front  of  the  Hergesell  thermometer,  being  the  warmer.  The 
differences  are,  however,  as  their  variability  shows,  of  an  accidental 
nature. 

In  another  experiment  the  second  thermo-element  was  put  right  inside 
the  Hergesell  thermometer.  This,  of  course,  prevented  free  circulation 
and  increased  the  apparent  lag,  so  that,  in  fact,  the  galvanometer  reading 
only  became  steady  after  twice  as  long  a  time.  The  difference  between 
the  readings  was  much  smaller,  namely,  14*5  cm.  and  14*85  cm., 
corresponding  to  a  temperature  difference  of  about  0°*2  C.  In  this 
case  the  element  inside  the  Hergesell  thermometer  showed  the  lower 
temperature. 

To  see  if  there  was  any  appreciable  difference  between  the  temperature 
of  the  alcohol  thermometer  and  the  rest  of  the  bath,  one  element  was 
put  in  contact  with  the  alcohol  thermometer,  and  the  other  as  above  in 
the  bimetal. 
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The  readings  were — 

18*7  cm.  14*6  cm. 

14*4 

14-3 
18*8  14-8 

showing  a  temperature  difference  of  about  0°'3  C.  only. 

An  experiment  to  test  the  effect  of  conduction  of  heat  showed  that 
the  metal  frame,  to  which  the  various  parts  of  the  apparatus  are  fixed,  had 
a  slightly  higher  temperature  near  the  bottom  of  the  Hergesell  ther- 
mometer owing  to  the  higher  temperature  of  the  part  not  in  the  bath. 
But  a  little  lower  down  in  the  bath  this  effect  was  absent,  and  none  o£ 
the  apparatus  fixed  to  the  frame  showed  any  trace  of  it.  The  ther- 
mometric  elements  were  certainly  not  affected  by  such  a  cause. 

The  results  of  these  experiments  would  therefore  lead  us  to  suppose 
that  the  differences  between  the  records  of  different  thermometers  in 
balloon  ascents  arise  from  peculiar  conditions  in  the  upper  air. 

There  is,  however,  an  effect  which  appears  to  have  been  hitherto  over- 
looked, and  which  implies  a  fault  in  the  construction  of  the  otherwise 
excellent  Bosch  type  of  instrument  It  arises  from  the  construction  of 
the  spring  which  presses  the  multipljring  lever  of  the  tube  thermometer 
against  the  counterpoise.  This  spring  is  fixed  under  the  clock  on  the 
upper  side  of  the  frame,  and  only  a  small  part'  of  it  is  actually  in  the  bath 
during  a  test.  But  its  elasticity  and  expansion  depend  on  its  tempera- 
ture, and  since  small  variations  arising  from  changes  in  it  are  magnified 
in  the  same  degree  as  the  variations  in  the  length  of  the  tube  itself,  it  is 
clear  that  they  call  for  consideration.  To  show  the  sort  of  effect  that 
might  arise  in  this  way  the  following  experiment  was  made: — ^The 
apparatus  was  held  in  the  normal  position  with  the  frame  horizontal, 
and  was  put  in  the  bath  only  far -enough  to  cover  part  of  the  spring 
mentioned,  but  not  far  enough  to  immerse  any  part  of  the  thermometric 
elements  themselves.  Instead  of  the  instrument  recording  a  slight 
diminution  of  temperature,  or  no  change  at  all  as  might  have  been 
expected,  it  showed  a  comparatively  rapid  increase  and  became  steady 
only  after  rising  2°  or  3°  C. 

The  spring,  as  already  observed,  was  not  immersed  throughout  its 
whole  length,  so  that  the  full  effect  of  such  immersion  would  be  consider- 
ably greater.  But  the  order  of  magnitude  is  sufficient  to  show  that  we 
have  here  a  source  of  appreciable  error  which  cannot  be  eliminated  by 
testing  the  apparatus,  because  it  depends  on  the  lag  of  the  various  parts 
of  the  apparatus  in  taking  up  the  temperature  of  the  air  during  any 
particular  ascent.  Disturbing  influences  of  this  kind  clearly  affect  most  of 
the  instrument  for  which  the  magnification  is  greatest,  ie.  for  the  Bosch 
instrument  the  tube  thermometer.  Stricter  experiments  on  this  point 
will  be  made  later. 

In  conclusion,  it  may  be  well  to  point  out  that,  for  a  test  in  an  alcohol 
bath  to  be  sufficiently  accurate  at  low  temperatures,  the  stirring  must  be 
vigorous  and  nearly  continuous.  The  difference  of  temperature  between 
the  upper  and  lower  parts  of  the  bath  increases  rapidly  if  there  is  no 
stirring.  An  experiment  showed  that  even  apart  from  the  lag  of  the 
thermo-elements  this  increase  was  as  great  as  1°  C.  per  minute. 
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Note  added  June  4. 

On  May  29,  1909,  the  Bosch  apparatus  (No.  120),  with  which  the 
previous  experiments  had  been  made,  was  again  tested  with  the  cold 
bath.  The  clock  was  taken  off  and  the  instrument  held  obliquely  so 
that  the  whole  of  the  spring  of  the  Hergesell  thermometer  was  immersed, 
but  none  of  the  thermometer  itself.  The  temperature  of  the  latter 
changed  only  slowly,  owing  to  conduction  in  the  supports,  and  perhaps 
also  through  contact  with  the  cooler  air  over  the  bath.  Thus  after 
.immersion  in  the  cold  bath  in  the  manner  described,  the  recording  pen, 
read  against  a  millimeter  scale,  indicated  a  comparatively  rapid  rise  of 
temperature  followed  by  a  slow  fall.  The  reading  was  taken  when  the 
apparent  temperature  was  a  maximum,  and  the  apparatus  was  then 
similarly  immersed  in  a  bath  at  about  room-temperature  and  the  corre- 
sponding reading  taken.  The  time  between  immersion  and  reading  was 
in  all  cases  about  1  minute,  which  would  roughly  correspond  to  the  time 
necessary  for  the  spring  to  take  up  the  temperature  of  the  bath. 


Tempentuies 

ofBathB. 

Corresponding  Reading!. 

-62C. 

10*6  C. 

7-2  mm. 

2-8  mm. 

-50„ 

9-0  „ 

6-4     „ 

2-2    „ 

-49„ 

8-0  „ 

6-4     „ 

2-4    .. 

-48„ 

7-5  „ 

6-2     „ 

1-8    ,. 

-48,. 

6-2  „ 

6-0     „ 

1-8    „ 

Thus  a  variation  in  the  temperature  of  the  spring  of  about  58°  C. 
corresponds  to  a  difference  of  4*2  mm.  nearly.  Now  the  thermometer 
scale  is  approximately  0*8  mm.  for  1°  C,  so  that  the  above  difference 
represents  an  error  of  about  5°-3  C. 

Now  in  an  actual  ascent  the  spring  is  not  well  ventilated,  owing  to 
its  position  under  the  clock,  and  there  will  in  general  be  a  difference  of 
temperature  between  it  and  the  thermometric  element.  The  tendency 
will  be  for  the  latter  to  be  cooler  in  the  ascent  and  warmer  in  the 
descent.  The  recorded  temperature  would  therefore  be  too  low  in  the 
ascent  and  too  high  in  the  descent.  Of  course  the  values  deduced  for 
the  temperature  from  the  record  depend  on  the  testing  of  the  instrument, 
and  are  complicated  by  the  fact  that,  in  tests  with  the  alcohol  bath  the 
whole  of  the  spring  is  not  immersed,  but  only  a  part.  In  such  a  case 
the  tendency  would  be  for  the  temperature  (deduced  from  the  record  by 
comparison  with  the  bath  calibration)  to  be  too  high,  and  for  the  error 
to  increase  as  the  actual  temperature  decreased.  Apart  from  the  effects 
of  lag  the  difference  would  be  in  the  same  direction,  both  in  ascent  and 
in  descent. 


DISCUSSION. 

Mr.  F.  Campbell  Batard  considered  the  paper  an  extremely  important 
one,  and  asked  what  was  the  result  of  the  experiments  on  the  observations 
obtained  in  the  upper  atmosphere  ?  Were  they  to  conclude  that  the  observa- 
tions obtained  by  the  instruments  were  as  perfect  as  could  be  expected,  or 
should  they  take  it  that  the  observations  were  useless  because  of  the  imperfec- 
tion of  the  instruments  ? 
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Mr.  W.  W.  Brtant  inquired  which  of  the  thermometers  was  found  to  have 
the  smaller  lag,  as  this  wt>uld  presumahly  be  the  better  instrument  to  ose^  and 
the  point  should  obviously  be  kept  in  view  by  the  designers  and  makers  of 
such  instruments. 

Mr.  C.  J.  P.  Cavb  said  he  had  never  tested  a  thermometer  of  the  kind  used 
by  Mr.  Qold.  He  thought  the  paper  an  extremely  interesting  one,  because  it 
showed  how  very  careful  one  had  to  be  with  instruments  of  this  kind.  In 
reply  to  a  query  about  the  testing  of  the  Dines  instrument,  Mr.  Cave  gave 
an  explanation,  illustrated  by  a  rough  diagram,  of  the  method  employed. 

Dr.  W.  N.  Shaw  said  the  practice  in  this  country  was  to  use  carbonic  acid 
and  petrol  for  testing  instruments.  The  Dines  thermometer  was  dipped  com- 
pletely in.  He  further  remarked  that  Dr.  Cbree,  in  a  letter  to  Naturtj  bad 
practically  discredited  the  observations  in  the  upper  air,  consequently  any 
definition  of  the  position  of  the  instruments  used  must  be  welcomed. 

Mr.  E.  Qold  said  in  reply  that  the  results  hitherto  obtained  were  certainly 
very  valuable.  They  had  revealed  the  existence  of  the  remarkable  phenomenon, 
usually  termed  the  isothermal  layer,  in  which  there  was  practically  no  vertical 
temperature  change.  But  more  information  was  needed  regarding  what  occurred 
in  that  region,  and  until  we  were  quite  certain  of  the  behaviour  of  the  ther- 
mometers we  should  be  in  doubt  as  to  whether  peculiarities  shown  in  the 
record  were  real  or  no. 

In  reply  to  Mr.  Bryant's  query  Mr.  Qold  said  it  would  be  difficult  to 
answer  this  point.  In  the  bath  the  bimetal  thermometer  showed  the  smaller 
lag,  but  that  was  probably  due  to  the  fact  that  the  alcohol  circulated  more 
freely  about  it  than  about  the  Hergesell  instrument.  In  the  upper  atmosphere 
that  might  not  be  the  case. 

There  was  no  question  about  the  comparison  of  the  instrument  with  a 
reliable  thermometer  ;  that  was  done  in  all  cases  he  believed,  the  instrument 
being  compared  with  an  alcohol  thermometer  standardised  at  a  central  physical 
institute.  The  temperature  at  the  beginning  of  the  experiment  in  the  paper 
was  about  -  62"  C. 

The  President  said  they  were  all  indebted  to  Mr.  Qold  for  his  paper, 
which  showed  clearly  how  extremely  important  a  point  the  accuracy  of  the 
instruments  was  if  the  observations  were  to  be  reliable.  He  only  regretted 
that  Mr.  Qold  had  not  experimented  with  the  instrument  most  in  use  in  this 
country,  the  Dines  meteorograph. 


Snowstorms  and  Parapets  on  Buildings. 

The  heavy  snowstorms  which  occurred  during  March  were  the  means  of 
illustrating  to  residents  in  towns  the  nature  of  avalanches.  The  object  lesson 
was  not  always  pleasant  or  unattended  with  risk  to  life  and  limb,  for  the 
accumulation  of  masses  of  snow  on  the  roofs  of  houses  and  premises  adjacent  to 
public  thoroughfares  which  came  down  upon  the  public  footways  and  on  the 
heads  of  pedestrians  when  a  thaw  set  in,  was  decidedly  disconcerting  and  danger- 
ous. The  experience  thus  gained  has  led  many  Councils  to  consider  as  to  what 
steps  should  be  taken  to  provide  against  the  danger,  and  one  Council,  the  Seven- 
oaks  Urban,  have  been  so  far  moved  as  to  apply  to  the  Local  Qovemment  Board 
for  sanction  to  a  by-law  providing  that  the  Council  may,  if  they  consider  it 
necessary,  for  the  public  safety,  require  that  a  parapet  wall  shall  be  erected  on 
such  parts  of  new  buildings  as  abut  on  a  street  or  footway — such  parapet  wall 
having  a  properly  constructed  gutter  behind  it.  The  building  by-laws  of  Local 
Authorities  have  only  provided  for  parapet  walls  to  buildings  of  a  certain  height 
and  class  as  a  protection  against  fire  from  adjacent  premises. — Sanitary  Rteordy 
April  1,  1909. 
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A  PLEA  FOR  THE  USE  OF  FREELY-EXPOSED  THERMO- 
METERS  IN   ADDITION   TO   SHELTERED   ONES. 

Br  L.  C.  W.  BONACINA,  F.R.Mbt.Soc. 

[Read  June  16,  1909.] 

Meteorologists  have  hitherto  founded  their  main  facts  and  ideas  of 
climatology,  in  so  far  as  temperature  records  are  concerned,  solely  upon 
the  temperature  of  the  air  as  registered  approximately  by  shaded  thermo- 
meters enclosed  usually  within  a  Stevenson  screen,  which  is  supposed  to 
eliminate  all  direct  radiation  effects.  Thus  most  of  our  temperature 
quotations  comparing  place  with  place,  or  season  with  sQ^son,  and  all 
our  isothermal  maps,  refer  to  this  same  condition — the  temperature  of 
the  air. 

Fortunately  it  is  possible  and  practicable  to  record  the  temperatiu'e 
of  the  air  with  sufficient  accuracy  for  meteorological  purposes ;  and  as  the 
temperature  of  the  air  so  greatly  affects  the  welfare  of  the  living  world, 
it  is  well  that  the  subject  should  have  been  studied  in  this  and  many 
other  countries  with  such  thoroughness.  But  the  temperature  of  the  air 
is  not  the  only  condition  which  enters  practically  into  our  notions  upon 
climate  and  the  relative  "  hotness "  or  "  coldness  "  of  the  atmosphere  at 
different  times  and  places.  The  gain  and  loss  of  heat  to  the  earth  by 
radiation  profoundly  influences,  of  course,  the  living  world,  and  direct 
radiation  superimposed  upon  the  actual  temperature  of  the  air  enters 
enormously  into  our  perception  of  how  hot  or  cold  it  is  at  a  given  moment. 
The  temperature  of  the  soil,  for  instance,  besides  influencing  physiological 
sensation  by  direct  radiation  effects  (when  as  sometimes  happens  it  differa 
from  that  of  the  air)  is  of  great  agricultural  importance,  and  although  it 
largely  controls  the  temperature  of  the  air,  is  itself  in  great  measure 
controlled  by  direct  solar  or  terrestrial  radiation.  It  should  be  noted  in 
this  connection  that  while  the  ground  temperature  must  differ  little  on  an 
average  from  the  air  temperature  at  4  feet  above  the  ground,  there  are 
yet  many  occasions  when  the  divergence  between  the  two  conditions  is 
very  considerable  as  during  the  "  radiation  weather "  of  an  anti-cyclonic 
circulation  of  the  air.  But  of  fundamental  importance,  as  regards  our 
personal  estimate  of  climate  as  well  as  the  physiological  sensations 
of  the  whole  animal  and  vegetable  kingdoms,  is,  of  course,  direct  solar 
radiation.  To  use  the  phrase  "  temperature  in  the  sun "  is  convenient, 
provided  we  bear  in  mind  that  the  extent  to  which  the  temperature  is^ 
raised  of  the  surface  of  any  body  on  the  earth's  surface  (which  may,  of 
course,  be  the  bulb  of  a  thermometer  or  the  human  face)  exposed  to 
direct  solar  radiation  of  given  intensity,  depends  upon  the  nature  of  the 
body  as  well  as  upon  the  windiness  and  temperature  of  the  air  ^  in  contact 
with  it.  Similarly  with  respect  to  the  exposure  of  bodies  to  direct 
terrestrial  radiation.  Our  personal  estimate,  therefore,  of  how  hot  or  cold 
it  is  at  any  moment  depends  upon  the  actual  temperature  of  the  air  plus  the 

^  I  have  purposely  omitted  its  relative  humidity,  for  since  the  dampness  of  the  air  is 
effective  in  absorbing  radiation  to  and  from  the  earth,  the  actual  intensity  of  solar  radiation 
experienced  at  the  surface  varies  inversely  as  the  dampness. 
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totality  of  radiation  effects  from  sun  and  soil.  We  have  now,  then,  a  broader 
notion  of  climate  than  that  based  upon  the  consideration  of  air  temperature 
alone.  Consequently  theory  demands  that  we  should  try  to  develop  this 
aspect  of  the  study  of  climatology — not  indeed  instead  of  air  temperature, 
but  together  with  it — by  making  observations  with  thermometers  freely 
exposed  to  sun,  wind,  and  soil  in  an  open  space.  Let  the  propriety  of 
this  be  considered.  Now  a  sunny  day  with  an  air  temperature  as  recorded 
on  a  Glaisher  stand  or  in  a  Steyenson  screen  of,  say,  55°  only,  is  in  a 
'  broader  sense  a  hotter  day  than  an  overcast  day  with  an  air  temperature 
as  high  as  65°,  and  from  the  point  of  view  of  the  needs  of  vegetation  is 
very  effectually  a  hotter  day. 

Again,  we  have  the  curious  fact  that  in  the  insular  climate  of  Britain, 
where  the  seasonal  changes  of  mean  air  temperature  lag  behind  the  changes 
in  the  altitude  of  the  sun  more  than  they  do  in  continental  countries,  the 
mean  temperature  of  the  air  in  the  month  of  April — a  month  when  the 
sun  being  already  vertical  north  of  the  equator  the  days  are  longer  than 
the  nights  and  solar  radiation  powerful — is  from  2°  to  3°  lower  than  in 
October,  a  month  of  feeble  radiation  from  the  sun  and  short  days. 
Despite,  however,  the  lower  air  temperature,  April  is  to  be  regarded  in  a 
more  liberal  sense  as  the  hotter  month  of  the  two.  Moreover,  that  the 
duration  and  intensity  of  solar  light  and  heat  are  of  more  consequence  to 
animals  and  plants  than  mere  air  temperature  (provided,  of  course,  that 
the  two  conditions  are  not  enormously  at  variance — the  temperature  of 
the  air  is  a  variable  function  of  the  duration  and  intensity  of  solar  radia- 
tion) is  proved  by  the  fact  that  in  April  we  witness  the  rapid  spring  and 
growth  of  wild  life,  and  in  October  its  equally  rapid  fall  and  decay. 

If  therefore  freely  exposed  thermometers  were  to  be  installed  at 
meteorological  observing  stations  side  by  side  with  the  sheltered  ones^  a 
valuable  addition  to  our  knowledge  of  climate  would  eventually  result^ 
and  it  would  be  found  that  places  and  times  according  to  the  readings  of 
the  sheltered  thermometers  would  not  compare  with  one  another  in 
exactly  the  same  way  as  according  to  the  readings  of  the  exposed 
thermometers. 

Against  the  proposal  to  establish  freely-exposed  thermometers,  it 
will  probably  be  argued  that  great  difficulty  would  be  experienced  in 
<;hoo8ing  a  site  of  installation  free  from  the  accidental  radiations  from 
walls,  banks,  inequalities  of  ground  level,  etc.  It  would,  of  course, 
be  necessary  to  select  a  site  as  free  as  possible  from  such  disturbing 
features ;  and  since  the  nature  of  the  soil  or  ground  is  itself  something 
of  a  climatic  factor,  care  would  have  to  be  taken  to  choose  a  surface  that 
<;ould  be  regarded  as  typical  or  representative  of  the  locality  in  which  the 
observations  were  to  be  made.  Thus,  in  most  English  rural  districts  a 
grass  surface  away  from  buildings  would  be  the  appropriate  choice  of  site. 
But  in  London  and  other  large  tracts  of  paved  surface,  where  the  area  is 
so  large  as  to  constitute  an  important  geographical  feature,  and  to  impose 
a  local  modification  upon  atmospheric  conditions,  a  paved  surface  might 
form  a  more  appropriate  observing  site  than  a  grass  one,  unless  the  site 
were  chosen  in  a  park. 

Similarly  in  localities — not  very  common  in  England  outside  towns — 
where  the  predominant  surface  was  not  grass,  the  kind  of  surface  that 
was  predominant  would  have  to  be  selected  over  which  to  instal  the 
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exposed  thermometers.  In  a  very  hilly  or  mountainous  district  where 
the  ground  is  much  broken  up,  the  natural  conditions  of  its  locality 
would  not  require  or  indeed  allow  an  observing  site  so  broad  and  open  as 
in  flat  country ;  and  in  the  same  way  in  large  towns  the  same  scrupulous 
care — even  if  it  were  possible  to  exercise  it — to  have  the  site  far  from 
buildings  would  not  be  so  necessary  as  in  country  places  where  buildings 
are  scarce,  and,  as  it  were,  accidental.  A  little  study  of  the  general 
topography  of  a  locality  would  in  most  cases  soon  enable  one  to  judge 
of  a  suitable  and  representative  spot  for  installing  a  freely -exposed 
thermometer. 

The  temperature  as  indicated  by  a  freely-exposed  thermometer  I 
should  call  the  temperature  of  'the  thermometer  due  to  the  atmosphere — 
using  the  word  atmosphere  in  the  literal  Greek  sense,  to  denote  some- 
thing more  than  the  air  alone ;  it  would  give  a  more  liberal  index  of  how 
cold  or  hot  it  is,  from  day  to  day  and  place  to  place,  than  the  mere 
temperature  of  the  air  as  registered  by  sheltered  instruments.  If  the 
proposal  comes  to  be  adopted,  and  isothermal  maps  come  to  be  eventually 
drawn  as  a  result,  a  comparison  between  the  two  sets  of  isothermal  charts 
as  derived  from  the  sheltered  and  exposed  thermometer  readings  would 
be  highly  interesting  and  instructive. 

In  the  above  paper  I  have  purposely  failed  to  refer  to  the  black  and 
bright  bulbs-in-vacuo  as  being  irrelevant  to  the  question  at  issue.  These 
thermometers,  by  being  deprived  not  only  of  wind,  but  even  of  air,  simply 
afford  a  rough  index  of  the  comparative  diathermancy  of  the  air  from  day 
to  day — that  is  to  say,  of  the  amount  of  radiant  energy  which  succeeds  at 
a  given  instant  in  escaping  absorption  before  reaching  the  bottom  of  the 
air ;  they  consequently  tell  us  nothing  of  the  heating  eflfect  upon  exposed 
bodies  of  the  transmitted  radiation,  which,  as  aforesaid,  depends  not  only 
upon  contact  with  air  but  above  all  upon  the  windiness  of  that  air. 

The  fact  of  exposed  thermometers  being  wetted  by  rain  and  snow 
need  in  no  way  be  prejudicial  to  the  object  for  which  it  is  proposed  to 
establish  them.  The  thermometer,  like  any  other  object,  will  be  affected 
by  the  temperature  of  the  falling  rain  or  snow,  and  this  includes  just 
what  I  want  to  get  at  In  a  general  way  the  drying  of  the  bare 
thermometer  bulb  and  tube  after  rain  would  be  effected  very  rapidly  in 
sunshine  and  wind ;  but  even  on  occasions  when  the  drying  would  be 
sluggish  and  liable  to  steal  heat  from  the  bulb  of  the  thermometer  after 
the  fashion,  in  a  smaller  way,  of  a  muslined  wet-bulb,  no  theoretical 
difiiculty  need  arise,  since  the  condition  of  the  thermometer  would  be  the 
natural  condition  of  all  other  exposed  objects,  and  the  nature  of  the 
surface  of  any  object  which  is  a  factor,  as  we  saw  above,  in  determining 
the  extent  to  which  that  surface  may  be  heated  or  cooled  by  external 
agency,  is  itself  altered  when  it  becomes  damp  through  rain. 

The  most  serious  difiiculty  attending  the  use  of  exposed  thermometers 
in  some  countries  would  be  their  liability  to  be  broken  by  hail.  In  the 
British  Islands,  however,  hail  is  by  far  the  rarest  of  all  forms  of  pre- 
cipitation (the  real  thunderstorm  hail  that  is  to  say,  as  distinct  from 
"  graupel/'  which  is  very  common,  and,  though  often  called  hail,  is  really  a 
form  of  snow) ;  and  I  do  not  see  why  an  exposed  thermometer  at  4  feet 
above  the  ground  should  suffer  from  hailstorms  more  than  the  grass- 
minimum  or  solar-vacuum  instruments  do. 
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DISCUSSION. 

Mr.  D.  W.  Horner  said  he  congratulated  the  author  of  the  paper  on  being 
sufficiently  bold  to  attack  the  Stevenson  screen.  He  thought  the  great  diffi- 
culty in  carrying  out  the  project  would  be,  that  one  would  be  obliged  to  sit 
beside  the  thermometers  all  day  and  watch  them,  or  else  have  self-recording 
instruments  to  take  the  records.  Readings  from  ordinary  thermometers  would 
be  of  little  if  any  value  for  the  purpose  suggested. 

Mr.  F.  J.  Brodie  said  that  the  writer  of  the  paper  did  not  suggest  abolishing 
the  screen,  but  using  these  thermometers  in  addition.  He  himself  had  long 
been  under  the  impression  that  something  of  this  kind  should  be  done. 
Temperatures  in  the  screen  and  those  recorded  by  solar  thermometers  are  not 
those  experienced  by  plants  or  human  beings  exposed  to  the  sun's  rays.  One 
would  want  to  know  the  actual  temperature  experienced  by  objects  exposed  to 
the  sun's  rays.  This  was  not  recorded  by  a  thermometer  in  a  box  or  one  in 
vacuo.  He  thought  the  suggestion  in  the  paper  to  take  these  additional  observa- 
tions a  very  good  one  ;  it  would  be  interesting  to  have  observations  taken  at  a 
selected  number  of  stations.  The  comparison  of  the  different  temperatures  in 
sun  and  shade  would  be  of  interest.  It  would  of  course  be  difficult  to  choose  a 
proper  situation. 

Mr.  W.  Marriott  read  a  letter  from  the  Hon.  Rollo  Russell,  who  stated 
that  he  had  long  held  strongly  that  such  readings  should  be  taken.  The 
temperature,  e.^.,  of  a  leaf  on  an  extended  branch  is  often  very  different  from 
that  of  an  enclosed  thermometer. 

Dr.  H.  K.  Mill  said  a  good  deal  of  work  had  been  done  in  the  way  of 
taking  observations  by  thermometers  exposed  to  the  air.  Mr.  John  Aitken 
showed  twenty-five  years  ago,  in  a  series  of  experiments  in  which  Dr.  Mill  had 
assisted,  that  it  was  possible  to  expose  thermometers  with  very  small  bulbs  to 
the  rays  of  the  sun  without  raising  the  temperature  of  the  instrument  above 
that  in  the  screen.  The  covering  of  the  bulb,  whether  reflecting  or  absorbing, 
and  the  size  of  it,  had  everything  to  do  with  the  temperature  shown.  Mr.  J. 
Y.  Buchanan  had  shown  that  the  variations  in  the  readings  of  an  extremely 
sensitive  thermometer  in  the  free  air  varied  so  frequently  and  so  rapidly  that 
without  a  self-recording  instrument  the  observations  would  be  absolutely  hope- 
less. This  showed  the  uselessness  of  attempting  to  compare  the  observations  of 
exposed  thermometers  read  at  fixed  hours.  He  agreed  with  the  author  of  the 
paper  that  observations  of  this  kind  would  be  most  interesting,  but  did  not  see 
how  the  mechanical  difficulties  of  getting  absolutely  similar  thermometers  could 
be  overcome,  and  no  good  object  would  be  served  if  the  measurement  of 
temperature  were  vitiated  by  unknown  thermal  peculiarities  of  the  instruments, 

Mr.  C.  J.  P.  Cave  said  that  he  agreed  with  Dr.  Mill,  and  doubted  whether 
it  would  be  possible  to  get  any  useful  results.  He  had  taken  some  records 
from  platinum  resistance  thermometers  in  the  open  and  also  in  a  Stevenson 
screen.  They  differed  a  little  in  bright  sunshine,  but  at  night  there  was  very 
little  difference.  The  one  in  the  screen  did  not  respond  so  readily  to  changes 
of  temperature.     During  the  day  temperature  fluctuations  were  very  rapid. 

Mr.  W.  W.  Bryant  said  he  was  rather  against  making  a  series  of  observations 
of  this  haphazard  kind,  but  thought  one  or  two  notes  might  be  interesting. 
Regarding  the  paragraph  in  the  paper  "  A  sunny  day  with  an  air  temperature 
as  recorded  on  a  Glaisher  stand  or  in  a  Stevenson  screen  of,  say,  55''  only,  is 
in  a  broader  sense  a  hotter  day  than  an  overcast  day  with  an  air  temperature  as 
high  as  65°,  and  from  the  point  of  view  of  the  needs  of  vegetation  is  very 
effectually  a  hotter  day,"  he  wished  to  point  out  that  a  sunny  day  with  an  air 
temperature  of  55*  would  occur  in  winter,  whereas  a  day  with  an  air  tempera- 
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ture  of  65*"  when  overcast  could  only  occnr  in  the  summer,  and  therefore  the 
rest  of  the  sentence  would  become  void  of  any  meaning; 

Mr.  R  Inwards  remarked  that  Prof.  Tjndall  had  said,  in  a  lecture  at  the 
Royal  Institution,  that  the  proper  way  to  take  the  temperature  of  the  air  was 
to  hang  a  thermometer  in  the  middle  of  a  string  stretched  from  one  post  to 
another  in  an  open  space,  exposed  to  sud,  wind,  or  rain. 

The  President  said  that  he  was  sure  the  Fellows  would  wish  to  convey 
the  thanks  of  the  Society  to  Mr.  Bonacina  for  his  paper.  Evidently  very  much 
depended  upon  what  he  might  call  the  personal  equation  of  the  thermometer, 
and  also  on  the  exposure.  He  hardly  thought  it  would  be  possible  to  get  a 
sufficiently  uniform  exposure  to  make  the  observations  very  vaJuable. 

Mr.  L.  C.  W.  BoNACfiNA,  in  a  note  to  the  Secretary,  said :  "  I  venture  to 
suggest  that  Mr.  Bryant's  criticising  remarks  are  somewhat  wide  of  the  mark. 
Apart  from  the  fact  that  in  certain  months,  notably  May  and  September,  one  is 
liable  to  get  a  cloudy  day  with  a  temperature  of  66',  and  a  sunny  day  with  66* 
only,  my  contention  was  simply  that  any  sunny  day  with  66'  affords  more  heat 
in  addition  to  light  available  for  the  growth  of  vegetation  than  any  overcast  day 
with  66"*.  In  the  depth  of  winter  there  might  be  a  temperature  of  66'  on  a 
fine  day,  but  then,  no  hot  sunshine  is  possible  in  December,  however  fine  the 
weather  may  be." 


Mr.  C.  L.  Prince's  Observations  on  the  Temperature  in  the 
Open  Air  and  in  the  Shade. 

[The  late  Mr.  C.  Leeson  Prince  for  a  number  of  years  made  a  regular  series 
of  observations  at  Crowborough  on  the  temperature  in  the  open  air  and  in  the 
shade.  As  these  have  a  great  bearing  on  the  subject  dealt  with  in  Mr.  Bona- 
cina's  paper  we  reprint  the  following  excerpt  from  Mr.  Prince's  book.  Observa- 
tions upon  the  Topography  and  Climate  on  Crowborough  Hill,  Sussex,  Second 
edition.     Lewes,  1898.     Pages  22-27. — Editors.] 

'*  So  much  difference  is  found  to  exist  in  the  climatology  of  places  situated 
not  far  distant  from  each  other,  that  it  may  be  as  well  to  inquire  what  is  meant 
by  the  term  *  Climate,'  as  it  affects  the  mental  and  physical  condition  of  any 
community;  and  the  following  appear  to  be  the  more  important  influences, 
viz.  the  condition  of  atmosphere  with  respect  to  its  pressure,  temperature, 
rainfall,  humidity,  and  prevalent  winds;  its  general  freedom  from  noxious 
exhalations ;  its  transparency  as  it  affects  radiation  from  the  earth's  surface — 
the  amount  of  radiation  itself  being  dependent,  in  a  great  measure,  upon  the 
nature  of  the  soil ;  lastly,  there  is  its  electrical  condition,  which  is  doubtless  a 
very  important  element,  but  extremely  difficult  of  detection,  both  as  to  its 
volume  and  specific  character. 

It  will  thus  be  seen  what  a  field  of  inquiry  lies  open  to  those  who  seek  to 
obtain  all  possible  information  with  respect  to  the  above-mentioned  subjects, 
and  how  much  care  and  patience  are  required  for  the  several  investigations. 

In  commencing  a  series  of  meteorological  observations  upon  the  summit  of 
Crowborough  Hill,  the  inquiry  could  not  fail  of  being  especially  interesting, 
inasmuch  as  it  would  relate  to  the  highest  inhabited  spot  in  this  county,  and 
also  that  no  observations  of  a  similar  nature  had  ever  been  attempted  in  the 
South  of  England  at  so  great  an  elevation  above  the  sea. 

During  the  first  year  of  my  residence  I  commenced  observations  of  a  similar 
kind  to  those  which  I  had  conducted  for  so  many  years  at  Uckfield.  In  the 
following  year  a  considerable  discussion  arose,  among  our  most  eminent  English 
meteorologists,   respecting   the   particular    form   of  thermometer-stand   which 
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should  be  employed  for  the  reception  of  aelf-regiatering  thermometers,  but  with- 
out any  very  satisfactory  result.  It  was,  however,  thought  desirable,  upon  the 
whole,  to  adopt  a  form  of  stand  known  as  'Stevenson's  stand,'  which  is,  I 
believe,  the  form  of  stand  at  present  recognised  and  adopted  by  the  Meteoro- 
logical Societies  of  England  and  Scotland. 

The  endless  varieties  of  opinion  expressed  upon  this  subject  induced  me  to 
commence  a  series  of  observations  from  self-registering  instruments  placed  upon 
an  open  stand,  without  any  protection  whatever,  a  representation  of  which  is 
given  in  the  accompanying  illustration. 


Self- Registering  Instruments  upon  an  Open  Stand. 

The  thermometers  were  here  exposed  to  every  influence  from  radiation  and 
wind.  I  attached  additional  interest  to  their  indications,  in  the  first  place, 
because  of  their  almost  unique  character ;  and  secondly,  because  I  had  an 
impression  that  they  would  show,  in  a  faithful  manner,  the  temperature  to 
which  vegetation  was  actually  exposed  both  by  day  and  by  night.  In  addition 
to  the  usual  maximum  and  minimum  thermometers,  I  also  placed  upon  the 
stand  another  thermometer,  having  its  bright  bulb  secured  in  vacuOy  to  register 
the  heating  power  of  the  sun's  rays. 

With  the  exception  of  some  observations  made  in  Scotland  in  the  years 
1861-1862,  and  which  are  embodied  in  a  paper  by  Alexander  Buchan,  Esq., 
*  On  the  Meteorological  Conditions  which  determine  the  Profitable  or  Unprofit- 
able Culture  of  Farm  Crops  in  Scotland/  published  in  the  Quarterly  Report  of  ike 
Scottish  Meteorological  Society  for  June  1862,  I  am  not  aware  that  any  records 
of  temperature,  from  ex])osed  instruments,  have  been  published.  In  the  course 
of  his  paper,  Mr.  Buchan  remarks:  *The  distinguishing  peculiarity  of  the 
observations  depends  on  the  threefold  conditions  under  which  the  instruments 
were  placed,  viz.  their  bulbs  not  blackened,  their  height  (four  feet)  from  the 
ground,  and  their  full  exposure  to  sun  and  weather.  Naked  bulbs  were  pre- 
ferred to  blackened  bulbs,  inasmuch  as  observations  made  with  unblackened 
bulbs  furnish  results  more  uniform,  reliable,  and  comparable  with  each  other 
than  could  otherwise  be  the  case.'  For  information  respecting  local  climatology, 
and  its  adaptation  as  a  health  resort,  or  for  any  particular  agricultural  require- 
ments, I  hold  that  observations  as  to  temperature  should  be  conducted  with 
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fully  exposed  instruments  in  preference  to  those  placed  in  a  'Stevenson's 
stand,'  or  any  other  device  for  protecting  them  against  the  influence  of  any 
source  of  radiation.  The  comparative  tables  of  mean  highest  temperature  in 
the  open  air  and  in  the  shade  respectively  [Tables  I.  and  XL],  for  eleven  years, 
will  show  that  the  former  gives  a  mean  of  6** '6  in  the  three  summer  months 
above  the  latter,  which  constitutes  a  difference  sufficient  to  decide  whether  or  not 
certain  cereal  crops  can  be  cultivated.  There  are  several  other  points  connected 
with  the  subsequent  tables,  which  I  trust  will  be  of  some  interest  and  use  both  to 
the  meteorologist  and  agriculturist,  as  exhibiting  the  variations  in  temperature 
indicated  by  the  two  methods  of  instrumental  position. 


TABLE  I 

.—Mean  Maximum  Temperature 

IN  THE  Open  Air. 

Month. 

1874. 

1875. 

1876. 

1877. 

1878. 

1879. 

1880. 

1881. 

1882. 

1888. 

1884. 

Mean. 

January 

46-3 

461 

0 
400 

468 

43-9 

347 

38s 

36.1 

0 
43-4 

0 
44-2 

46^6 

422 

February "  . 

45-1 

39-2 

4S-0 

4«-9 

46-5 

427 

48.9 

422 

48-0 

48-5 

47-6 

457 

March 

51.4 

463 

48.1 

48-6 

501 

49.4 

56-3 

52.7 

56.3 

45-9 

54-0 

508 

April  . 

.S97 

56.6 

56^0 

54-4 

.S«5 

54-2 

S8-2 

55-8 

59-4 

59-8 

56.5 

.57-2 

May    . 

62.3 

65.4 

602 

59-2 

65.g 
72.B 

608 

67-5 

66-2 

67.2 

65-3 

67-0 

642 

June    . 

69.7 

68.2 

696 

73-6 

67-8 

69-1 

711 

691 

71-2 

705 

70.2 

July     .         . 

77-4 

678 

780 

721 

76-3 

68-9 

74-6 

79-5 

722 

727 

77-5 

74.2 

August 

70.1 

731 

7.S-8 

72-0 

73-6 

708 

75* 

710 

721 

75-2 

81-8 

737 

September  . 

66-8 

696 

65.8 
.S87 

63.2 

69-0 

66-6 

70-7 

66.3 

66.1 

68.7 

70-5 

67-5 

October 

588 

.S4-8 

58-0 

60.0 

587 

48-5 

5.37 

S8.8 

587 

S8i 

57-6 

November  . 

48.4 

465 

49-2 

51-9 

44.1 

r^ 

527 

48.8 

49-9 

46.6 

48-2 

December    . 

36-7 

40.7 

46.6 

447 

37-6 

47-4 

43-3 

44-3 

42-9 

43-1 

423 

Year    . 

1 

577 

56.2 

57-8 

57-8 

58.2 

547 

59-2 

57-5 

588 

58-5 

59-9 

57-8 

TABLE  II.— Mean  Maximum  Temperature  in  • 

fhe  Shade. 

Month. 

1874. 

1875. 

1876. 

1877. 

1878. 

1879. 

1880. 

1881. 

1882. 

1888. 

1884. 

Mean. 

January 

44-8 

44.8 

39-4 

46-4 

0 
419 

34-2 

368 

34-3 

42.4 

431 

4.5-4 

4l'-2 

February 

486 

37-0 

429 

46.5 

44-2 

40-6 

46-6 

40-5 

45-2 

45-9 

45-3 

43-4 

March 

43-2 

45-2 

45-1 

45-8 

46-0 

517 

49.0 

52-5 

42.0 

49-4 

471 

April  . 

57-4 

52.8 

520 

506 

540 

48.9 

527 

511 

54-5 

53-9 

50-4 

52-5 

May    .         . 

58.7 

60.6 

54-8 

S3-9 

60-0 

54-2 

60.1 

60-6 

610 

60.3 

61.8 

587 

June    . 

663 

63-5 

64.2 

68-2 

66-6 

61.8 

63.6 

642 

631 

66.4 

708 

64-8 

July     .         . 

74-5 

639 

722 

66.4 

695 

63.1 

66-8 

73-2 

661 

67.1 

685 

August 

67-0 

677 

710 

66.7 

67-5 

65.2 

69-5 

6S.2 

661 

69.9 

75-3 

68-2 

September  . 

642 

653 

618 

58-5 

63-9 

61.7 

66.2 

61.5 

612 

63-3 

65.6 

630 

October 

56-5 

520 

56-3 

54-5 

56.1 

55-3 

527 

49-7 

55-3 

55-2 

54-4 

54-3 

November  . 

46.9 

45-4 

47-5 

49-8 

420 

409 

46.3 

51.6 

46.8 

479 

44-9 

46.3 

December    . 

35-4 

39-4 

45-2 

43-4 

360 

36-9 

45-0 

42.1 

43-0 

420 

42.2 

4I-0 

Year    . 

55-3 

530. 

54-4 

54-2 

54.0 

50.7 

54-9 

53-6 

547 

547 

55-9 

540 

Botb  sets  of  instruments  have  been  placed  four  feet  above  the  ground, 
which,  of  course,  renders  their  indications  fairly  comparable.  It  appears  quite 
certain  that,  even  then,  fully  exposed  thermometers  do  not  register  so  high  a 
temperature  as  that  to  which  vegetation  is  exposed,  on  account  of  the  sun's 
rays  being  considerably  deflected  from  the  bulbs  themselves ;  nevertheless  they 
give  a  near  approximation  thereto,  and,  moreover,  it  is  satisfactory  to  know 
that  all  kinds  of  crops  are  really  subject  to  a  higher  temperature  than  the 
thermometers  register.     It  should  be  duly  considered  that  observations  taken 
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from  inBtrumenU  which  are  completely  protected  from  the  direct  niys  of  the 
sun  are  not  only  absolutely  useless,  but  positively  misleading,  when  we  know 
that  during  the  important  summer  months  they  register  perhaps  a  temperature 
of  lO"*  lower  than  that  which  plants  have  been  exposed  to,  and  influenced  by, 
during  their  period  of  growth  and  maturation. 

The  table  which  gives  the  mean  highest  temperature  in  the  sun's  rays  will 
probably  be  the  most  valuable  to  the  agriculturist,  and  is  altogether  superior 
to  the  results  shown  by  reference  to  the  table  of  mean  temperature,  which, 
alone,  will  not  inform  us  whether  a  certain  crop  will,  or  will  not,  grow  to 
perfection  in  any  given  locality.  The  mean  daily  highest  temperature,  and  the 
mean  monthly  temperature,  as  shown  by  protected  instruments,  are  wholly 
unable  to  indicate  the  actual  summer  temperature  by  which  growing  crops 
have  been  influenced.  The  tnie  night  temperature,  to  which  most  plants  have 
been  exposed,  can  only  be  ascertained  by  reference  to  the  terrestrial  radiation 
thermometer,  placed  upon  the  surface  of  short  grass,  and  the  exposed  minimum 
thermometer,  placed  four  feet  above  it. 

It  is,  however,  possible,  if  not  probable,  that  the  terrestrial  radiation 
instrument  may  show  a  lower  temperature  than  that  to  which  growing  crops 
have  been  exposed  when  they  have  attained  the  height  of  a  foot,  or  more ; 
but  a  very  approximately  true  condition  of  night  temperature  could  be  ascer- 
tained by  adopting  the  results  of  the  mean  of  these  two  thermometers ;  indeed, 
I  cannot  suggest  any  better  method  of  obtaining  the  information  sought  for. 

A  competent  knowledge  of  the  average  night  temperature  of  any  locality 
is  of  far  more  importance  in  respect  of  the  healthy  condition  both  of  animal  and 
vegetable  life  than  is  generally  supposed,  and  will  often  explain  the  reason, 
more  particularly,  why  the  latter  flourish  more  freely  in  some  situations  than 
others,  whatever  care  may  have  been  taken  in  each  instance." 


Effects  of  a  Storm  on  Harden  Fell,  Yorkshire. 

Some  striking  illustrations  of  the  erosive  action  of  flood  water  during  a 
storm  are  supplied  in  the  Proceedings  of  the  Yorkshire  Geological  Society  for  1 908 
by  Mr.  A.  Qilligan.  The  storm  iu  question  was  that  of  June  3,  1908,  which 
played  much  havoc  in  West  Yorkshire,  particularly  in  the  neighbourhood  of 
Barden  Fell.  This  hill,  which  reaches  a  height  of  1 66 1  feet,  is  drained  radially  by 
a  number  of  becks,  which  all  run  down  steep  scarp  slopes  of  the  Kinderscout  grit. 
Mr.  Qilligan  describes  the  effects  of  the  sudden  flow  of  water  down  these  channels, 
as  well  as  the  excavation  of  entirely  new  channels  where  none  had  existed 
previous  to  the  storm.  In  one  of  these  the  solid  grit  had  been  removed  in  many 
places  to  a  depth  of  20  feet,  while  the  greatest  width  was  12  feet  The  deepest 
holes  were  always  found  succeeding  a  place  where  the  water  had  been  imprisoned 
in  a  narrow  channel.  In  the  case  of  smaller  channels  branching  from  the  larger 
ones  it  was  found  that  the  cutting  commenced  quite  suddenly,  owing  no  doubt 
to  the  cutting  back  of  the  waterfalls  formed  by  the  rapid  deepening  of  the  main 
channels.  In  Barden  beck,  the  main  outlet  for  the  flood,  the  water-level  rose  at 
least  10  feet,  while  thousands  of  tons  of  material  were  carried  into  the  two 
reservoirs  connected  with  it.  On  Embsay  Fell  several  mills  were  quite  wrecked. 
— Geographical  Journal,  July  1909. 


Digitized  by 


Google 


DINNER  OF  THE  ROYAL  METEOROLOGICAL  SOCIETY 


289 


DINNER  OF  THE  ROYAL  METEOROLOGICAL  SOCIETY. 

The  Annual  Dinner  of  the  Society  was  held  at  the  Trocadero 
Restaurant,  Piccadilly,  on  Tuesday  evening,  June  15,  1909. 

Mr.  Henry  Mellish,  the  President,  was  in  the  chair,  and  the  com- 
pany included  the  following  Fellows  and  guests  : — 


Mr.  F.  Campbell  Bayard. 

Mr.  Richard  Bentley. 

Mr.  F.  J.  Brodie. 

Capt  F.  G.  P.  Butler. 

Capt.  W.  F.  Caborne,  C.B. 

Mr.  C.  J.  P.  Cave. 

Sir  William  Church,  Bt. 

Mr.  J.  E.  Clark. 

Capt  M  H.  Clarke. 

Mr.  R.  Cooke. 

Mr.  R.  Cross. 

Major  H.  A.  Cummins. 

Mr.  T.  S.  Dymond. 

Mr.  F.  B.  Edmonds. 

Mr.  H.  N.  Ffarington. 

Mr.  L.  R.  W.  Forrest. 

Sir  David  Gill,  K.C.B.,  F.R.S. 

Mr.  E.  Gold. 

Dr.  Gordon. 

Rev.  Dr.  J.  Gow. 

Mr.  W.  V.  Graham. 

Mr.  N.  HoLDKN. 

Mr.  R.  Inwards. 

Mr.  A.  P.  Jenkin. 

Mr.  B.  Lailey. 

Mr.  Baldwin  Latham. 


Mr.  G.  B.  Latham. 
Mr.  R.  G.  K.  Lempfert. 
Capt.  W.  G.'Lingham. 

Dr.  W.  J.  S.  LOCKYER. 

Mr.  A.  Mallock,  F.R.S. 

Mr.  S.  S.  Markham. 

Mr.  W.  E.  Markham. 

Mr.  W.  Marriott. 

Mr.  W.  J.  Marriott. 

Dr.  H.  R.  Mill. 

Mr.  H.  W.  MoNCKTON. 

Mr.  R.  MoND. 

Mr.  P.  P.  Pennant. 

Colonel  H.  E.  Rawson,  C.B. 

Mr.  C.  Salter. 

Dr.  R.  H.  Scott,  F.R.S. 

Mr.  W.  Sedgwick. 

Dr.  W.  N.  Shaw,  F.R.S. 

Mr.  C.  H.  Thompson. 

Dr.  J.  H.  T.  TuDSBERY. 

Mr.  S.  G.  Warner. 

Dr.  C.  Theodore  Wiluams. 

Representatives  of 

The  Daily  Telegraph. 

The  Morning  Post, 

The  Times. 


The  President,  in  proposing  the  toast  of  "  The  King,"  said  that  as  we  see 
how  hard  His  Majesty  the  King  works  we  realise  more  what  a  valuable  asset 
he  is  to  the  British  Empire. 

"God  Save  the  King." 

The  President,  in  proposing  the  toast  of  "Her  Majesty  the  Queen,  the 
Prince  of  Wales,  the  Princess  of  Wales,  and  all  the  other  members  of  the  Royal 
Family,"  said  that  the  health  of  the  Queen  is  always  welcomed  in  every  assembly 
of  Englishmen  for  her  devotion  to  her  subjects.  His  Royal  Highness  is  the 
Patron  of  this  Society,  and  we  see  how  hard  he  works  to  qualify  himself  at 
some  future  time  to  take  the  place  of  his  illustrious  Father.  And  the  other 
members  of  the  Royal  Family,  we  know,  are  always  ready  to  forward  the  aims 
of  our  country. 

"God  Bless  the  Prince  of  Wales." 

Glee — "  To  a  Zephyr." 

Dr.  H.  R.  Mill  said — It  is  a  momentous  thing  to  propose  the  toast  of  "  Kindred 
Institutions,"  for  they  are  many.  We  hold  as  kindred  all  those  institutions 
which  are  devoted  to  the  study  of  the  air,  and  the  surface  of  the  globe  which 
the  air  enclasps,  and  even  those  regions  of  space  which  lie  beyond  the  air.    The 
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toast,  in  fact,  ia  all-embracing,  for  there  is  no  one  here  who  is  not  connected 
with  one  or  more  kindred  societies.  It  is  the  habit  of  members  of  such  societies 
to  meet  together  in  groups  for  the  discussion  of  the  special  subjects  of  their  own 
studies,  and  these  meetings  involve  criticism,  contradiction,  and  retort,  and  in 
some  cases  friction,  which  makes  the  wheels  of  progress  bite,  generates  heat,  aind 
may  give  rise  to  irritation.  It  is  for  this  reason,  I  suppose,  that  these  societies 
are  given  to  another  expression  of  the  gregarious  instinct  in  meeting  occasion- 
ally for  social  purposes,  when  the  disputants  of  the  scientific  meeting  exchange 
the  heat  of  argument  for  the  warmUi  of  convivial  intercourse.  Here,  where 
our  study  is  meteorology,  the  weather  as  a  subject  of  reference  ought  perhaps  to 
be  tabu ;  but  on  euch  an  occasion  the  common  topic  of  conversation  may  be 
admitted  if  handled  with  imagination  rather  than  with  science.  There  seems 
to  be  a  feeling  abroad  that  we  are  responsible  for  the  weather,  but  I  do  not 
know  where  the  burden  lies — the  responsibility  for  lain  is  sometimes  placed 
upon  me  ;  much  as  I  would  rather  live  in  the  sunshine.  In  a  pleasant  dream 
I  could  fancy  that  for  the  last  fortnight  I  have  been  in  possession  of  the  r^plator 
of  the  weather  purloined,  say,  from  No.  66*5  Victoria  Street  (that  I  think  is  the 
true  mean  between  63  and  70),  for  I  have  been  in  the  western  islands  of  Scot- 
land enjoying  constant  sunshine  and  light  winds  never  carrying  a  drop  of  rain, 
for  all  the  world  as  if  I  were  travelling  in  my  own  private  anticyclone.  Were 
it  within  our  power  to  have  the  command  of  such  a  conveyance,  no  doubt  our 
pleasure  in  it  would  be  largely  spoilt  by  the  prospect  of  the  prodigious  duty  to 
be  imposed  by  some  future  Chancellor  of  the  Exchequer  upon  so  great  a  luxury. 
While  the  anticyclone  overspread  me,  you  in  the  south  were  under  the  influence 
of  a  procession  of  little  cyclones  which  caused  their  rain  to  fall  on  63  and  on 
70  Victoria  Street  alike,  and  not  even  forgetting  62  Camden  Square.  Perhaps 
they  were  the  attendant  sprites  heralding  the  progress  across  the  Atlantic  of  the 
great  meteorological  swell  which  should  have  broken  in  oratory  upon  us  to-night 
in  the  person  of  Professor  Willis  Moore,  Chief  of  the  U.S.  Weather  Bureau,  the 
greatest  of  our  most  kindred  institutions.  But  the  progress  has  been  retarded, 
and  we  are  the  poorer,  as  our  hoped-for  guest  is  still  upon  the  sea.  Or  it  may 
be  that  the  withdrawal  of  the  anticyclone  to  the  north-west  left  the  south-east 
the  prey  to  evil  influences  which  its  presence  would  have  held  in  check,  as  we 
are  told  by  early  writers  that  comets  are  the  souls  of  just  men  whose  appearance 
in  the  sky  presages  wars  and  woes  in  the  world  from  which  their  bodily  presence 
had  kept  it  free.  We  are  fortunate  this  evening  in  the  presence  of  an  astro- 
nomical wanderer  whose  transference  from  the  Southern  to  the  Northern  Hemi- 
sphere has  enriched  us  and  left  no  malign  influence  on  the  land  he  formerly 
enlightened,  where  we  see  peace  and  the  promise  of  union  and  prosperity — Sir 
David  Gill,  formerly  Astronomer-Royal  at  the  Cape.  Not  he  alone,  but  many 
other  guests  represent  kindred  institutions  from  which  we  of  this  Society  derive 
the  very  greatest  aid  in  our  researches,  and  to  which  we  hope  in  return  to  be 
able  to  supply  facts  of  our  science  no  less  helpful  to  them.  It  would  be  pon- 
derous to  give  a  list  of  them  all,  and  pedantic  to  attempt  a  classification  of  their 
various  activities.  Some  are  devoted  to  the  furtherance  of  pure  science,  others 
to  the  applications  of  science  to  the  needs  of  humanity.  To  all  of  them  we  owe 
a  debt,  and  from  each  of  them  we  receive  a  benefit.  In  proposing  the  toast  of 
"  Kindred  Institutions,"  I  associate  with  it  the  names  of  Sir  David  Gill,  Presi- 
dent of  the  Royal  Astronomical  Society,  formerly  President  of  the  British 
Association,  that  great  compendium  of  all  kindred  societies  ;  and  of  Sir  William 
Church,  President  of  the  Royal  Society  of  Medicine,  a  union  of  kindred  societies 
which  has  set  a  fine  example  of  mutual  co-operation  in  the  advancement  of 
knowledge. 

Sir  David  Gill  said — Mr.  Chairman  and  gentlemen,  if  ever  I  was  placed 
in  a  difficult  position,  you  behold  me  now.     I  have  been  asked  to  reply  to 


Digitized  by 


Google 


DINNER  OF  THE  ROYAL  METEOROLOGICAL  SOCIETY  291 

a  most  comprehensive  toast,  that  of  ''  Kindred  Societies,"  and  I  looked  forward 
for  help  with  hope  to  the  great  meteorological  authority  who  has  been  delayed 
by  his  beloved  cyclones,  and  who  will  reach  this  country  after  our  pleasant 
dinner  is  over.  I  feel  in  a  difficulty  when  I  come  before  yoii,  as  I  have  always 
been  a  great  sinner  in  the  past  in  matters  meteorological.  In  the  Colonies  it 
seems  to  be  thought  that  the  duties  of  an  astronomer  are  to  make  meteoro- 
logical predictions.  I  explained  once  to  Lord  Milner  why  the  Cape  Observatory 
did  not  make  predictions,  because  all  our  winds  were  from  North-west  or  South- 
east, and  we  had  only  the  sea  in  these  two  directions.  But  he  said,  "  I  know 
better  than  that  That  is  not  the  reason  you  do  not  make  meteorological  pre- 
dictions ;  it  is  because  you  are  a  Scotchman."  I  own  this.  I  used  to  receive 
frequently  a  telegram  something  like  this :  '*  We  are  going  to  have  a  picnic. 
What  is  your  prediction  of  the  weather  for  next  Tuesday?"  or  "We  are  going 
to  have  a  public  meeting.  On  what  day  next  week  will  the  weather  be  most 
favourable  ? "  I  would  explain  to  the  first  that  my  kingdom  began  at  the  moon 
and  extended  outwards,  and  to  the  second  that  I  never  prophesied  unless 
I  knew^  and  I  didn't  know.  Thus,  from  a  meteorological  point  of  view,  I  was 
always  considered  a  very  poor  creature  indeed — which  is  perfectly  tnie.  While 
here,  let  me  do  penance  and  confess  that  astronomers  owe  much  to  the  meteoro- 
logist. The  Americans  have  shown  us  the  immense  importance  of  selecting 
proper  sites  for  astronomical  observatories  —  sites  where  the  meteorological 
conditions  in  the  way  of  clear  skies  and  steady  definition  are  to  be  found,  and 
they  have  proved  the  surpassing  advantages  of  such  sites  by  the  splendid  work 
done  on  Mount  Hamilton,  Mount  Wilson,  and  elsewhere.  Well,  gentlemen, 
I  think  I  have  made  good  my  unworthiness,  my  failures,  and  have  shown  how 
unworthy  the  Society  which  I  represent  is  to  be  regarded  as  one  of  those 
"  Kindred  Societies,"  except  in  this  way,  that  every  day  and  every  year  which 
passes  teaches  us  more  and  more  how  closely  the  sciences  are  linked  together. 
The  astronomer,  for  example,  has  had  to  borrow  from  the  physicist  and  the 
chemist  for  the  foundation  of  astronomical  spectroscopy ;  although,  if  time 
were  available,  I  think  I  could  show  you  that  the  astronomer  will  probably 
amply  repay  the  debt.  And  I  think  I  have  shown  how  well  the  astronomer 
will  do  to  take  the  meteorologist  into  his  counsel  before  he  selects  the  site  of 
his  observatory.  Let  me  now  express  to  you  on  behalf  of  the  Astronomical 
Society  our  sympathy  with  you  in  your  great  work  ;  and  I  recognise  that  in 
meteorology  there  is  this  great  peculiarity,  viz.  that  while  meteorological 
observations  are  of  themselves  perhaps  in  their  primitive  forms  the  easiest  to 
make,  you  have  in  the  highest  flights  of  meteorology  yet  to  find  the  meteoro- 
logical Newton,  and  he  will  have  to  tackle  a  problem  so  enormously  compli- 
cated that  the  work  of  Newton  or  Adams  is  child's  play  compared  to  that 
which  he  will  have  to  face.  Yet  Dr.  Shaw  tells  me  that  when  any  special 
problem  in  meteorology  has  to  be  tackled,  the  investigator  who  sets  about 
it  invariably  finds  that  although  tons  of  books  of  meteorological  observations 
exist  he  is  generally  pulled  up  for  want  of  data.  There  is  therefore  in 
meteorology  the  amplest  field  yet  for  the  earnest,  humble  observer,  and  for 
the  most  comprehensive  genius.  I  thank  you  for  the  kind  reference  you  have 
made  to  myself,  and  I  thank  you  on  behalf  of  my  Society  and  the  Kindred 
Societies  for  the  kind  manner  in  which  you  have  received  the  toast. 

Sir  William  [Church  also  replied.  He  said — Mr.  Chairman  and  gentle- 
men, it  was  only  as  Dr.  Mill  rose  to  propose  this  toast  that  he  informed  me  of 
his  intention  to  associate  my  name  with  it,  and  the  efi'ect  upon  me  is  that  of  a 
cyclone.  I  feel  quite  unprepared  to  thank  the  Society  properly  for  paying 
this  compliment  to  medicine.  I  think  it  is  probably  known  to  you  all  that 
medicine  shares  with  your  Society  an  interest  in  many  subjects.  We  see  in 
the  public  press  about  light  cures,  and  no  doubt  there  is  a  good  deal  in  it. 
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For  many  yean  medicine  has  recognised  this,  and  has  depended  upon  your 
Society  for  the  solution  of  the  sunshine  problem.  It  may  interest  you  to  know 
that  within  the  ]ast  few  days  the  Balneological  and  Cliiuatological  Society  has 
come  within  the  folds  of  the  Society  which  I  represent,  and  is  now  a  section  of 
the  Royal  Society  of  Medicine.  I  might  also  venture  to  say  that  meteorology 
is  of  interest  to  most  of  those  who  practise  medicine.  As  a  rather  convenient 
cloak  to  hide  from  our  patient  that  we  have  exhausted  all  other  means,  we 
sometimes  recommend  a  change  of  air,  and  we  have  to  bear  in  mind  hia 
temperament  and  his  predilection  for  certain  spots.  I  thank  you  most  heartily 
for  having  associated  the  Royal  Society  of  Medicine  with  these  institutions,  and 
feel  very  highly  the  compliment  of  being  asked  to  reply  to  the  toast  of  the 
**  Kindred  Institutions.** 

Madrigal — **  This  pleasant  month  of  May.** 

The  Rev.  Dr.  J.  Gow,  in  proposing  the  toast  of  the  "  Royal  Meteorological 
Society,**  said  (in  brief) — Mr.  Chairman  and  gentlemen,  I  have  the  honour  to 
propose  to  you  a  toast  to  "  The  Royal  Meteorological  Society.*'  I  do  not  know 
why  I  was  selected  for  the  honour,  but  the  Royal  Meteorological  Society  is  one 
of  the  schools  of  the  prophets,  and  I  happen  to  belong  to  another.  I  must  be 
careful  what  I  say,  as  I  see  that  these  toasts  are  many,  and  there  is  a  Greek 
poet,  who,  describing  the  course  of  events  after  a  dinner,  said  that  the  first  cup 
is  for  health,  the  second  for  pleasure,  the  third  for  sleep,  and  then  honest  people 
go  home,  the  fourth  is  for  a  quarrel,  and  the  fifth  is  for  a  black  eye.  After  eo 
many  cups  I  suppose  you  do  not  all  feel  affectionate,  and  I  must  take  care  to 
say  nothing  which  is  uncomplimentary.  The  Royal  Meteorological  Society 
seems  to  me  to  be  the  most  educational  Society,  because  it  proposes  to  itself  to 
reform  the  staple  of  English  conversation.  Hitherto  we  have  been  accustomed 
to  say  that  it  was  "  a  very  fine  day,*'  and  the  interlocutor  would  answer,  "  Yea, 
John,  it  is."  We  are  now  to  say  that  the  thermometer  is  7 9' '6  in  the  shade, 
or  something  of  that  sort ;  and  we  are  not  to  say  that  the  English  climate 
is  changing,  and  this  is  the  worst  summer  ever  known,  but  that  the  English 
climate  goes  in  cycles,  and  this  is  the  same  weather  as  we  experienced  in  1865. 
The  Royal  Meteorological  Society  is  also  that  which  has  the  greatest  future 
before  it  The  time  is  coming  when  the  English  fleet  will  be  in  the  air, 
and  the  Admiralty  will  be  entirely  recruited  from  the  ranks  of  this  Society. 
A  large  part  of  its  work  is  no  doubt  done  by  the  Meteorological  Office,  over 
which  Dr.  Shaw  presides,  but  there  is  always  in  England  great  scope  for  an 
amateur.  Though  in  so  vast  a  subject  as  meteorology  the  amateur  is  at 
a  disadvantage  because  he  cannot  collect  statistics,  still  the  ideas  that  make  for 
progress  in  England  generally  come  from  some  gifted  amateur,  and  this  Society 
will,  I  hope,  produce  the  gifted  amateur.  Most  of  you  know  more  about  the 
subject  than  I  do,  but  I  presume  that  I  am  appealing  to  a  friendly  audience 
when  I  say  that  the  Royal  Meteorological  Society  has  a  great  work  before  it. 
But  my  interest  in  the  subject  has  always  been  very  keen,  and  I  have  lectured 
on  weather  forecasts,  partly  those  in  which  my  interest  was  first  aroused  by  Dr. 
R.  H.  Scott's  book,  but  partly  also  the  signs  of  the  weather  as  given  in  Aratus, 
Virgil,  and  other  writers  in  pre-scientific  days.  I  have  to  couple  with  this  toast 
the  name  of  your  President,  Mr.  Mellish,  with  whom  also  I  have  a  little 
connection,  for  I  lived  in  Nottingham  for  a  good  many  years.  I  ask  you  to 
drink  with  the  greatest  enthusiasm  to  the  President,  and  success  to  the  "  Royal 
Meteorological  Society.** 

The  President,  in  responding,  said — Before  replying  to  the  toast  I  should 
like  to  take  the  opportunity  of  mentioning  the  disappointment  of  not  having 
Professor  Moore  and  other  foreign  delegates  with  us.  We  had  hoped  that  some 
of  them  would  have  been  in  England  a  short  time  before  their  meeting,  and  so 
have  been  able  to  attend  our  dinner  this  evening.     Another  disappointment 
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was  the  absence  of  Sir  Daniel  Morris.  Then  also  we  have  been  disappointed  in 
Dp.  Warren,  the  Vice-Chancellor  of  Oxford,  but  the  Imperial  Press  Congress 
has  gone  down  to  be  entertained  at  Oxford.  Mr.  Cyril  Jackson,  the  chairman 
of  the  Educational  Committee  of  the  London  County  Council,  Dr.  Spencer  of 
University  College,  and  the  President  of  the  Aeronautical  Society  have  also 
failed  us.  Now,  gentlemen,  I  have,  on  behalf  of  the  Society,  to  thank  Dr.  Qow 
for  proposing  this  toast  and  for  the  speech  in  which  he  has  done  so.  Though 
this  Society  is  nearly  sixty  years  old,  it  has  not  been  the  custom  to  hold  an 
Annual  Dinner  until  it  was  started  by  Dr.  Mill  three  years  ago.  The  position 
of  the  Society  is,  I  am  glad  to  say,  a  very  satisfactory  one,  thanks  to  the  energy 
which  Dr.  Mill  threw  into  the  work  during  the  period  when  he  was  President, 
and  to  his  having  brought  in  a  considerable  number  of  new  Fellows,  although 
we  want  a  good  many  more.  It  has  been  pointed  out  that  in  some  sciences  the 
amateur  can  work  for  himself  in  his  own  laboratory,  and  it  is  only  when  he 
wants  to  publish  his  researches  that  a  Society's  aid  is  necessary,  but  in 
meteorology  he  has  to  depend  upon  the  observations  of  others.  Observations 
have  accumulated  in  large  numbers,  and  what  is  most  required  now  is  working 
up  the  results,  though  the  continuation  of  the  obsei'vations  must  not  be  neglected. 
One  of  the  largest  blanks  on  our  meteorological  charts  is  in  the  Antarctic  region  ; 
and  speaking  of  this  brings  to  my  mind  the  return  of  a  Fellow  of  this  Society, 
Mr.  £.  H.  Shackleton,  who,  we  feel,  has  done  good  work  in  the  cause  of 
meteorology,  and  whose  researches  we  hope  in  due  course  will  be  brought  before 
the  Society.  During  the  last  few  years  there  have  been  a  good  number  of 
expeditions  to  this  part  of  the  world,  the  results  of  which  are  now  in  course  of 
publication,  and  we  have  coming  before  the  Society  to-morrow  a  research  under- 
taken by  Mr.  Mossman  dealing  with  the  South  Polar  regions.  Co-operation  is 
necessary  not  only  between  individuals,  but  also  between  institutions  both  in 
this  and  other  countries,  and  our  relations  with  the  Meteorological  Office  remain, 
as  they  have  always  been,  most  cordial.  It  is  only  during  recent  years  that 
serious  attempts  have  been  made  to  investigate  the  upper  air,  and  by  means  of 
this  international  co-operation  a  considerable  amount  of  data  is  now  being 
collected.  Dr.  Gow  has  referred  to  the  navigation  of  the  upper  air,  and  we 
hope  to  get  help  from  people  who  carry  out  this  work.  A  great  deal  of  work 
still  remains  to  be  done  in  the  climatology  of  this  country.  In  one  item,  that 
of  rainfall,  the  work  has  been  fully  organised  for  some  years.  This  was  started 
by  Mr.  Symons,  and  is  now  being  carried  on  by  Dr.  Mill.  Another  important 
item  in  applied  meteorology  is  its  connection  with  agriculture,  which  presents 
many  complicated  problems,  which  the  Society  has  endeavoured  to  elucidate. 
We  have  collected  observations  of  phenology,  and  we  have  also  for  some  years 
sent  an  exhibit  to  the  Royal  Agricultural  Society's  Show,  and  we  are  sending 
one  to  Gloucester  next  week.  During  recent  years  we  have  tried  to  make 
meteorology  popular  by  the  lectures  given  by  Mr.  Marriott,  and  also  in  schools, 
and  though  there  is  Considerable  difficulty  in  fitting  new  subjects  into  the 
curriculum,  we  hope  by  degrees  that  more  knowledge  of  meteorology  may  be 
brought  before  the  rising  generation.  We  pride  ourselves  on  having  got  at  our 
headquarters  an  excellent  library  on  meteorology,  and  we  take  a  good  deal  of 
trouble  to  see  fhat  the  library  is  properly  organised. 

I  think  perhaps  that  I  have  shown  that  there  is  plenty  of  work  still  to  be 
done,  and  I  will  conclude  by  thanking  Dr.  Gow  for  proposing  this  toast. 

Part  Song — **  Haste  ye.  Soft  Gales." 

Mr.  Richard  Bentlet,  in  proposing  the  toast  of  "The  Visitors,"  said — 
Mr.  Chairman  and  gentlemen,  the  pleasant  office  next  devolves  upon  me  of 
rising  to  express,  on  behalf  of  the  President,  Council,  and  Fellows  of  the  Society, 
the  gratification  which  the  presence  of  many  guests,  eminent  alike  in  science 
and  scholarship,  and  many  of  whom  have  come  from  far-distant  parts,  has 
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afforded  us  this  evening.  The  fascination  of  the  uncertainties  and  still  unsolved 
mysteries  attendant  on  meteorology  has  from  the  earliest  days  arrested  the 
attention  of  mankind — first,  perhaps,  of  the  agriculturist,  whose  crops  lax^gelj 
depended  upon  the  vicissitudes  of  the  seasons ;  then  of  the  mariner,  who  in 
days  before  the  lodestone  or  compass  groped  his  way  anxiously  along  the  shore 
with  one  eye  on  the  coast-line  and  one  upon  the  portents  of  the  sky  ;  next  of 
the  physician  in  quest  of  health  resorts  for  the  fragUe  or  sickly  ;  then  of  the 
engineer  who  safeguards  the  water-supply  of  our  great  towns  and  huger  cities  ; 
and  more  recently  of  the  military  student  who  is  investigating  the  wind 
currents  in  search  of  a  future  highway  aloft.  Unlike  those  of  the  Army  Council, 
our  recruits  are  enlisted  for  perpetual  service.  The  tiller  of  the  fields  in  Virgil's 
time  has  his  successor  in  the  scientific  farmer  of  to-day  who  pays  his  shilling  in 
harvest  time  and  has  his  weather  forecast  direct  from  the  Meteorological  Ofilce  ; 
the  venturous  sailor  of  the  time  of  Columbus  is  now  represented  by  the  cautious 
captain  of  some  Mail  liner  in  the  dangerous  typhoon-swept  seas  of  the  Far  East 
navigating  with  an  eye  closely  kept  upon  his  barometer ;  and  if  the  discoverers 
of  Bath  or  Tunbridge  Wells  are  no  more,  we  have  still  their  successors  among 
us  equally  alert  to  find  fresh  health  resorts  for  the  suffering.  Dr.  Mill  has  just 
demonstrated  how  widely  embracing  are  the  limits  of  meteorology,  and  it  is  no 
doubt  to  the  ever-continuing  and  greatly  increasing  interest  felt  in  it  that  we 
are  fortunate  in  having  the  presence,  both  on  this  and  on  previous  similar 
occasions,  of  so  many  friends  and  guests  who  take  an  interest  in  our  work. 
The  headquarters  of  the  Society,  as  you  all  know,  are  at  Westminster.  The 
attendances,  however,  at  many  of  our  monthly  gatherings  are  so  large  that  we 
could  not  find  the  accommodation  necessary  under  our  own  roo^  and  we  are 
helped  out  of  this  dilemma  by  the  courtesy  of  our  neighbours  at  the  Institution 
of  Civil  Engineers.  I  think  I  am  correct  in  saying  that  the  office  of  President 
of  that  Institution  and  also  of  the  Meteorological  Society  was  once  filled  at  the 
same  time  by  Mr.  Robert  Stephenson,  and  since  that  epoch  the  privilege  has 
been  hospitably  accorded  to  us,  enabling  us  to  hold  our  most  important  gatherings 
within  the  walls  of  the  Institution.  We  are  glad  to  have  with  us  this  evening 
among  other  distinguished  guests  the  Secretary  of  the  Institution  of  Civil 
Engineers,  and  I  will  ask  your  permission  to  couple,  therefore,  with  the  toast 
of  **  The  Visitors"  the  name  of  Dr.  Tudsbery. 

Dr.  J.  H.  T.  Tudsbery,  in  responding  to  the  toast,  said — Mr.  President, 
Mr.  Bentley,  and  Fellows  of  the  Society,  I  rise  to  obey  the  Chairman's  call  to 
answer  for  the  many  distinguished  visitors,  and  to  apologise — so  far  as  a 
visitor  may  do — for  the  absence  of  others  who  have  been  prevented  from 
attending.  Quite  apart  from  the  exceptional  advantages  of  observing  that  the 
science  of  meteorology  is  not  incompatible  with  the  enjoyment  of  the  good 
things  of  life,  we  have  heard  from  Dr.  Mill  what  a  beneficent  influence  these 
entertainments  have  in  dissipating  the  cyclonic  disturbances  engendered  by 
scientific  discussions.  We  have  heard  from  Sir  David  QiU  of  the  indebtedness 
of  scientific  men  to  meteorology,  and  we  have  heard  from  Mr.  Bentley,  the  pro- 
poser of  this  toast,  that  there  are  others  equally  interested  in  your  work  and 
your  researches,  whether  it  be  the  agriculturist,  or  the  mariner  who  depends 
upon  the  winds,  or  the  humble  passenger  who  depends  upon  the  calms.  Your 
invitation  would  have  been  liberal  indeed  to  include  representatives  of  all  classes 
of  persons  who  take  a  real  interest  in  your  work.  It  is  the  glory  of  science 
that  its  discoveries  and  achievements  are  not  directed  to  the  personal  interests 
of  individuals,  but  are  directed  to  a  much  wider  issue,  that  of  benefiting 
mankind  It  is  sometimes  a  curse  of  scientific  societies  when  their  work  and 
labour  are  appraised  by  people  in  accordance  with  the  benefits  individuals 
derive  from  them.  From  such  a  sentiment  this  Society  is  happily  free.  We 
are  extremely  glad  that  you  should  ask  us  here  to-night.,  because  it  shows  that 
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you  recognise  our  appreciation  of  the  single-mindedness  of  your  work,  and  we 
thank  you  for  permitting  us  to  be  present^  that  we  may  share  in  this  small 
degree  in  the  great  work  which  you  are  carrying  out  in  so  public-spirited  a 
manner. 

Glee—"  When  Evening's  Twilight" 

Dr.  W.  N.  Shaw  said — I  beg  to  propose  the  health  of  the  Chairman,  and 
this  I  do  with  great  pleasure  because  of  the  opportunity  it  giv^  me  to  refer  to 
something  already  quoted  from  me.  There  are  Meteorological  Societies  in 
Germany,  France,  and  other  countries,  but  the  Royal  Meteorological  Society  is 
the  only  one  which  has  a  monthly  meeting.  In  this  country  more  than  in  any 
any  other  are  we  prolific  in  amateurism.  While  it  would  be  idle  for  me  to 
justify  this  in  any  elaborate  statement,  I  will  only  refer  to  the  work  of  Mr. 
Dines  and  Mr.  Cave,  who  are  amateurs.  Sir  David  Gill  has  quoted  me  to  say 
that  every  worker  in  meteorology  bewails  the  lack  of  data,  but  he  went  on  to 
say  that  meteorological  observations  are  either  so  easy  that  they  could  be  taken 
by  any  one,  or  that  if  special  research  were  being  made,  no  data  existed  for  the 
inquiry  and  fresh  observations  had  to  be  started.  I  look  to  Mr.  Mellish,  with 
the  assistance  of  a  devoted  body  of  officers,  to  demonstrate  that  there  are  a  great 
number  of  problems  which  can  be  satisfactorily  dealt  with  by  an  amateur.  I 
now  ask  you  to  drink  to  the  health  of  the  Chairman. 

The  President  briefly  expressed  his  thanks,  after  which  the  proceedings 
terminated. 

The  music  was  under  the  direction  of  Mr.  H.  Schartau. 


PROCEEDINGS  AT  THE  MEETINGS  OF  THE  SOCIETY. 


May  19,  1909. 

Ordinary  Meeting. 

Henry  Mellish,  Esq.,  F.RG.S.,  President,  in  the  Chair. 

Jambs  Campbell  Carson,  8  Wellington  Place,  Belfast ; 
Capt.  Richard  Potts  Craven,  Mossley  Hill,  Liverpool ; 
Lieut.  Edward  James  Headlam,  R.I.M.,  F.R.G.S.,  Bomhay,  India ;  and 
Arthur  Oldham  Lees,  F.R.Q.S.,  42  South  Grove,  Highgate, 
were  balloted  fpr  and  elected  Fellows  of  the  Society. 

The  following  communications  were  read  : — 

1.  **The  Anticyclonic  Belt  of  the   Northern    Hemisphere."      By 
Colonel  H.  E.  Rawson,  C.B.,  R.E.,  F.R.Met.Soc.  (p.  233). 

2.  "Errors   op    Estimation    in    Thermometric   Observations."     By 
Albert  Walter,  F.R.A.S.  (p.  249). 


June  16,  1909. 

Ordinary  Meeting, 

Henrt  Mellish,  Esq.,  F.R.G.S.,  President,  in  the  Chair. 

Edward  C.  Barton,  Brisbane,  Queensland  ; 

Cecil  Broadbent,  Royal  Societies  Club,  St,  James'  St.,  S.W.  ;  and 
Bankim  Chandra  Sen,  Chittagong,  Bengal,  India, 
were  balloted  for  and  elected  Fellows  of  the  Society. 
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The  President  said  the  Council  had  thought  it  an  opportune  moment  to 
send  their  congratulations  to  Mr.  R  H.  Shackletou,  who,  as  they  knew,  was  one 
of  the  Fellows  of  the  Society,  on  his  achievements  at  the  South  Pole.  He  re- 
gretted  to  have  to  mention  the  loss  of  one  of  their  oldest  Honorary  Members, 
Dr.  Neumayer,  the  head  of  the  Hamburg  Institute  for  many  years.  Dr. 
Neumayer  was  elected  an  Honorary  Member  in  1874.  The  Council  had  sent 
a  message  of  condolence  to  his  relatives. 

The  following  communications  were  read  : — 

1.  "The  Intbrdiurnal  Variability  op  Temperature  in  Antarctic 
AND  Sub-Antarctic  Regions."     By  R.  C.  Mobsman,  F.R.S.E.  (p.  259). 

2.  "Note  on  the  Testing  op  Registering  Balloon  Apparatus  at 
Low  Temperatures. **  By  Dr.  W.  Schmidt  and  E.  Gold,  M.A.,  F.R.Met.Soc. 
(p.  275). 

3.  •*  A  Plea  for  the  Use  of  Freelt-Exposed  Thermometers  in  addition 
to  Sheltered  Ones."     By  L.  C.  W.  Bonacina,  F.R.MetSoc  (p.  281). 


CORRESPONDENCE  AND  NOTES. 

The  Meteorological  Club. 

The  Members  of  the  Council  of  the  Royal  Meteorological  Society  have  for 
many  years  been  accustomed  to  dine  together  before  the  evening  Meetings  of 
the  Society.  Some  time  ago  it  was  thought  that  other  Fellows  might  like  to 
join  the  Council  in  these  social  gatherings,  and  so  in  1907  "The  Meteorological 
Club  "  was  formed.  The  object  of  the  Club  is  to  promote  the  usefulness  of  the 
Royal  Meteorological  Society,  by  affording  opportunities  to  Fellows  for  dining 
together  informally  before  the  Meetings,  and  encouraging  conversation  on  sub- 
jects of  meteorological  interest. 

The  membership  is  limited  to  Fellows  of  the  Royal  Meteorological  Society. 
The  Officers  and  Council  of  the  Society'  are  ex  officio  Members  of  the  Club. 
New  Members  may  be  proposed  by  any  Member,  and  the  election  takes  place 
at  the  next  following  Dinner. 

Any  Member  may  introduce  one  guest  to  any 
Dinner. 

Each  Member  pays  an  Annual  Subscription  of 
2s.  6d.  to  defray  the  cost  of  printing  and  other 
expenses. 

The    Dinners    take    place    in    the    Westminster 

Palace  Hotel,  Victoria  Street,  at  6 '30  p.m.,  before  the 

evening  Meetings  of  the  Society.     The  charge  for  the 

Dinner,  without  wine,  is  3s. 

^  Dr.  H.  R  Mill  during  his  Presidency  presented 

'^^f^f         ^  f-ty*^       the  Club  with  a  cigarette  case,  in  the  form  of  a  silver 

•'tOROLOO^  Raingauge,  as  shown  in  the  accompanying  illustration. 

Fellows  wishing  to  join  the  Club  are  requested  to 

communicate  with    the  Honorary   Secretary,   Mr.   W.    Marriott,    70   Victoria 

Street,  Westminster,  S.W. 

Oricket  Match  on  the  Ice  at  Ely  dnring  the  Great  Frost  of  Febmary  1855. 

Having  had  some  correspondence  with  Mr.  Harold  Archer  of  Ely  with 
reference  to  the  dates  of  prolonged  frosts  in  London,  given  in  the  recently 
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published  second  edition  of  the  little  book,  Some  Facts  a^otU  the  JVeaiher,  he 
subeequentlj  supplied  me  with  the  following  interesting  particulars,  which 
many  others  will  no  doubt  like  to  read.  Wm.  Marriott. 

1853. 
February  10. — Frost  set  in  at  Lynn. 

„         17. — Snow  fell  at  King's  Lynn  2  feet  deep  on  the  level  ground. 
„         19. — A  man  was  frozen  to  death  in  the  snow  at  Babingley,  near 

King's  Lynn. 
„         22. — A  sudden  thaw  took  place,  causing,  with  the  action  of  the 
tide,  the  water  in  Lynn  Harbour  to  overflow  on  to  the 
Quays,  depositing  large  blocks  of  ice  on  to  the  surface  of 
such  Quays. 
„         24. — Frost  set  fti  again. 
„         26. — A  large  sea  bird  (Gannet)  fell  to  the  ground  at  King's  Lynn 

exhausted  with  cold. 
1854. 
January      7. — Heavy  fall  of  snow  in  the  King's  Lynn  district,  delaying 
the  service  of  the  railway  trains. 
„         21. — The  tidal  Wisbeach  River  was  frozen  up  with  ice  10  inches 

thick  in  some  places. 
1855. 
January     14. — Severe  frost  set  in  at  Cambridge. 

„  17. — Snow  blocked  East  Anglian  Railway,  and  a  passage  had  to 

be  cut  between  Wendling  and  Dunham  (in  Norfolk)  to 
release  trains  embedded  in  it. 
February  12. — Cricket  match  on  the  Dock  at  Ely.     Mr.  Dabito  (of  Ashley's) 
side  scored  160  in  two  innings;  Mr.  Hill's  eleven  (Ely) 
154  in  two  innings  with  3  wickets  to  fall. 
„  17. — King's   Lynn   Harbour  frozen  up.     Some  ships  remained 

frozen  up  for  twelve  weeks. 
„  24. — Tidal  river  Ouse  at  Lynn  frozen  up,  so  that   the   sailors 

walked  along  the  ice  to  get  to  their  ships. 
March         3. — Gas-pipes  at  Lyr-^  were  frozen  up.     Then  a  thaw  set  in. 
„         10. — 24  degrees  of  frost  registered  at  Cambridge. 
„         11. — 25^  degrees  of  frost  registered  at  Cambridge. 
„         16. — Severe  frost  registered  at  Cambridge. 
These  notes  confirm  your  statement  that  the  long  frost  was  in  1855,  but 
you  will  observe  that  in  that  year  the  frost  continued  for  a  much  longer  date  in 
the  Fen  country  than  it  did  in  London.      Ships  were  frozen  up  in  Lynn 
Harbour  for  twelve  weeks  in  succession. 

During  that  same  frost  it  was  commonly  reported  here  that  a  bullock  had 
been  roasted  whole  on  the  ice  on  the  river  Thames  near  the  Temple  Gardens. 

With  regard  to  the  cricket  match,  the  wickets  were  stuck  into  beds  of 
clay  about  4  inches  in  depth  that  had  been  soaked  in  salt  and  water.  On  the 
crease  a  deep  cut  had  been  made  in  the  surface  of  the  ice  about  6  inches  deep, 
and  the  bowler  used  to  skate  slowly  up  to  this  cut,  put  his  skate  into  it  to  stop 
himself  from  going  farther,  and  then  deliver  the  ball  overhand  fashion  against 
the  batsman. 

A  deep  cut  was  made  in  the  surface  of  the  ice  where  the  batsman  stood. 
His  right  foot,  or  rather  the  skate  upon  it,  was  shoved  down  into  the  crack  to 
steady  him  as  he  struck  at  the  ball  that  was  bowled  at  his  wickets.  Sometimes 
the  batsmen  struck  so  hard  at  the  ball  in  passing  that  the  swing  of  their  bodies 
brought  them  down  on  to  the  ice. 

In  making  the  runs  the  batsmen  developed  far  too  much  speed,  and  used  to 
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daeli  into  some  of  those  behind  the  wickets  (notably  the  unfortanate  wicket- 
keeper),  and  clutched  them  so  wildly  that  in  many  instances  both  fell  together 
on  the  ice. 

When  the  ball  was  hit  by  the  batsman  oflf  the  ice  on  to  an  adjoining 
field,  those  who  were  fielding  had  to  go  after  the  ball  as  best  they  coald  with 
their  feet  encased  in  their  skates. 

I  trast  that  these  notes  may  be  of  some  service  to  yourself  and  your 
Society.  Harold  Abchbr. 

P,S. — My  notes  as  to  facts  and  dates  have  been  taken  from  the  files  of  the 
Cambridge  Chronicle  and  the  Lynn  Advertiser,  The  particulars  about  the  cricket 
match  are  supplied  from  my  own  recollections.  I  observed  from  the  above- 
mentioned  newspaper  files  that  Turkey  Smart  (of  Welney),  and  R  Register  (of 
Southery),  and  "Gutta  Percha"  See  (of  WelneyX  and  T.  Porter  (of  Southery) 
were  the  leading  competitors  in  the  skating  matches  of  that  season.  Smart 
and  Register  afterwards  skated  a  mile  above  Ely  high  bridge,  with  a  strong 
South-west  wind  behind  them,  in  something  under  two  minutes,  a  pace  equal  to 
something  over  45  miles  an  hour. 

ObservationB  of  Sheet  Lightning  at  Epsom,  August  8,  1909. 

After  a  fine  and  hot  day  with  a  shade  maximum  of  TS*",  sheet  lightning  was 
first  seen  here  in  the  south  at  9.30  p.m.  The  night  was  fine  and  starlight,  the 
only  cloud  being  an  irregular  layer  of  stratus  to  the  south  and  south-east, 
visible  only  when  lit  up  by  the  flashea  The  radiant  point  of  the  flashes,  start- 
ing at  south,  worked  slowly  round  to  south-east.  1  he  more  brilliant  of  the 
flashes  shot  up  beyond  the  zenith  from  the  horizon. 

The  following  tal)le  shows  the  number  of  flashes  of  sheet  lightning,  at 
intervals  of  five,  minutes,  from  10  p.m.  to  12  p.m.: — 


xo  p.in.  to  It  p 

.m. 

iz  p.ni.  to  Z3  p.m. 

lo       to  10.5 

16  flashes 

II        to  II. 5 

14  flashes 

10.5     to  10.10     . 

14     „ 

II. 5    to  II. 10    . 

12      „ 

10.10  to  10.15     • 

20     ,, 

II. 10  to  II. 15      . 

10      „ 

10.15  to  10.20    . 

31      » 

11.15  to  11.20    . 

21      » 

10.20  to  10.25     . 

15      » 

1 1. 20  to  11.25      . 

8      „ 

10.25  to  10-30    • 

26     „ 

11.25  to  11.30     . 

5     „ 

10. 30  to  10.35     • 

12      ,, 

11.30  to  11.35      • 

3           M 

10.35  to  10.40     . 

20     ,, 

11.35  to  11.40     • 

I      f> 

10.40  to  10.45 

30     „ 

11.40  to  11.45     . 

0     »» 

10.45  to  lO'So    • 

18     „ 

11.45  to  11.50     • 

I      II 

10.50  to  10.55    ■ 

27          M 

11.50  to  11.55    . 

0     fi 

10. 55  to  II 

22        ,, 

11.55  to  12 

0     It 

I  hour     . 

251  flashes 

I  hour     . 

.     75  flashes 

1 

The  following  table  shows  the  number  of  observations  on  the  colour  of  the 
flashes  at  intervals  of  fifteen  minutes,  from  10  p.m.  to  12  p.m. : — 


zo  p.in.  to  xz  p.m. 

White. 

Yellow. 

Red. 

XT  p.m.  to  Z3  p.m. 

White. 

Yellow. 

Red. 

10        to  10.15 
10.15  to  10.30 
10.30  to  10.45 

10.45  to  II 

25 
40 

10 
II 

14 
10 

0 
2 

3 
0 

II         to  II.15 
II. 15  to  11.30 
11.30  to  11.45 
11.45  to  12 

17 

4 
0 

0 

II 

28 

0 

0 

3 

2 

4 
I 

I  hour 

150 

45 

5 

I  hour 

21 

39 

10 
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The  total  number  of  flashes  eeen  in  the  two  hours,  10  to  12  p.m.,  was 
326.  The  total  number  of  colour  observations  during  this  period  was  270, 
viz.:  white,  171;  yellow,  84;  and  red,  15. — Spencbb  C.  Russell,  Epsom, 
August  9,  1909. 

[The  lightning  referred  to  by  Mr.  Russell  was  seen  by  other  observers  in 
London  and  the  south-east  of  England.  It  was  connected  with  violent  thunder- 
storms which  were  taking  place  in  the  north  of  France.  The  lightning  was 
consequently  seen  for  a  distance  of  over  100  miles  from  the  actual  thunderstorm 
with  which  it  was  associated. 

Mr.  Marriott  in  his  paper ^  on  the  "Thunderstorms  of  May  18  and  19, 
1888,''  gave  two  instances  of  lightning  having  been  observed  at  a  distance  of 
more  than  100  miles  from  the  thunderstorm.  Mr.  Symons,  in  the  discussion, 
also  said  that  *'he  remembered  one  instance  (April  12,  1857),  which  fully  bore 
out  the  great  distance  from  the  thunderstorm  area  at  which  lightning  could  be 
seen.  The  thunderstorm  was  in  progress  in  the  English  Channel  near  Cape 
Oris  Nez,  and  the  lightning  was  seen  as  far  north  as  Nottingham.  It  therefore 
appeared  to  be  perfectly  possible  to  see  the  reflection  of  lightning  at  a  distance 
of  175  miles." — Editors.] 

Balloon  Ascent  in  a  Snow-storm. 

At  the  Meeting  of  the  Royal  Meteorological  Society  on  November  18, 
1908,  the  Hon.  C.  S.  Rolls  referred  to  certain  electrical  phenomena  observed  by 
aeronauts  in  balloon  ascents  in  winter  time.  He  has  recently  called  our 
attention  to  an  article  in  VAA-ophile  in  which  M.  K  Carton  gives  an  account  of 
a  balloon  ascent  made  from  Paris  in  a  hail  and  snow  storm. 

The  following  is  the  translation  of  this  interesting  article  : — 

**  In  the  course  of  balloon  ascents  I  have  oftentimes  had  the  opportunity  of 
making  some  curious  meteorological  observations.  But  it  has  never  before 
happened  to  me  to  observe  the  phenomena  occasioned  by  the  sudden  appearance 
of  a  squall  of  snow  and  hail  as  I  did  on  April  19,  1908,  in  the  course  of  an 
ascent  on  board  the  Araine  (450  m.  [15,892  cub.  ft.])  in  company  with  M.  Louis 
M^n,  leaving  the  Bois  de  Boulogne  at  3.55  p.m.  The  day  was  marked  by 
showers  of  hail  and  intermittent  snow,  with  rather  low  temperature — such  as 
is  generally  called  *  showery.'  At  the  time  of  departure  the  temperature  was 
8'-5  C.  [47**3  F.],  and  the  barometric  pressure  756  mm.  [29*76  ins.]. 

The  voyage  over  the  Bois  de  Boulogne  and  most  of  Paris  was  accomplished 
at  a  mean  altitude  of  350  m.  [1150  ft]  in  an  ordinary  manner  ;  easy  equili- 
brium without  throwing  out  of  ballast,  slightly  decreasing  temperature.  The 
clouds  which  surrounded  us  were  of  a  very  diverse  character.  Light  stratus 
stretched  to  the  horizon  on  the  south,  while  the  north,  and  particularly  the 
north-west,  the  direction  from  whence  the  wind  came,  was  highly  laden  with 
dense  nimbus,  which  was  very  dark,  and  of  great  height.  In  observing  these 
we  easily  noticed  that  they  were  gathering  ;  the  sun,  which  had  scarcely  been 
visible  to  us  since  our  departure,  now  disappeared  ;  and  at  4.10,  after  a  slight 
descent  to  250  m.  [820  ft.],  followed  by  a  throwing  out  of  4  to  5  kilos  of 
ballast,  we  steadied  ourselves  about  400  m.  [1310  ft.],  enveloped  on  all  sides 
by  dense  clouds.  We  made  another  slight  and  steady  ascent  to  600  m. 
[1970  ft]  after  having  again  thrown  out  several  kilos  of  ballast 

We  had  crossed  a  great  part  of  Paris,  recognising  below  us  the  gas-works 
in  the  Avenue  de  Choisy,  when,  without  our  being  raised,  the  clouds  hid  the 
earth  from  us.  (The  barometer  still  indicated  600  m.  [1970  ft.],  702  mm. 
[27-64  ins.]). 

At  4.20  the  first  flakes  of  snow  made  their  appearance  all  round  us,  and 
almost  at  the  same  instant  a  terrible  noise  caused  by  the  fall  of  hailstones, 

^  QuarUrly  Journal  of  the  Royal  Meteorohgioal  Society f  vol.  14,  pp.  296-299,  1888. 
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which  we  found  were  of  large  size,  8  to  10  mm.  [0*3  to  0*4  ins.]  in  diameter, 
made  itself  heard,  while  the  balloon  was  violently  toeaed  about,  which  caused 
a  marked  swinging  of  the  car.  Quickly  a  large  sack  of  ballast  of  20  kiloe 
[44  lbs.]  was  prepared,  while  I  observed  the  barometer,  in  readiness  for  a 
hurried  descent.  The  hand  instead  of  indicating  a  downward  movement,  made 
just  the  opposite ;  the  hail  still  fell ;  my  companion  having  also  a  barometer 
confirmed  this  same  upward  movement,  which  excluded  the  impression  that  my 
instrument  had  got  out  of  order.  We  soon  reached  800,  1000,  and  1500  m. 
[2620,  3280,  and  4920  ft.]  of  altitude,  and  in  10  minutes  we  were  drawn  np 
almost  vertically  to  1900  m.  [6230  ft],  without  throwing  out  a  gramme  of 
ballast,  while  the  hailstones  struck  the  envelope  of  our  balloon  with  great 
noise. 

At  4.35  the  hail  ceased  and  intense  cracklings  were  heard  around  n&  I 
at  once  accounted  for  these  as  being  due  to  electrical  discharges  on  the  anchor 
which  was  hung  at  one  side  of  our  car,  for  I  had  had  opportunity  before  of 
making  observations  of  a  similar  kind.  However,  in  estimating  that  this 
electrical  crackling  had  manifested  itself  already  for  at  least  5  minutes,  during 
the  fall  of  hail,  this  showed  that  the  total  and  continuous  duration  of  this 
phenomeuon  must  have  been  about  20  minutes.  The  cracklings  were  sometimes 
so  strong  as  to  cause  the  vibration  of  the  basket  work  of  the  car  towards  the 
part  where  the  anchor  was. 

At  4.45  we  were  in  full  descent ;  two  sacks  of  ballast  of  22  kilos  [49  lb&] 
were  thrown  out  in  a  few  minutes,  but  still  the  descent  grew  faster.  At  4.48 
the  last  sack  was  thrown  out,  making  with  the  two  preceding  ones  about  65  kgr. 
[143  lbs.],  and  at  400  m.  [1310  ft.]  we  saw,  on  coming  through  the  clouds, 
a  wood  beneath  us.  The  covering  of  the  balloon  bent  beneath  the  gusts  of  the 
wind.  Two  minutes  later  we  were  on  the  ground  ;  or  rather  we  were  thrown 
against  the  trees,  the  snow  and  wind  being  furious. 

After  having  touched  the  top  of  the  branches,  we  succeeded  in  dragging, 
without  danger,  to  a  neighbouring  glade,  and  we,  fortunately,  finished  our 
journey  in  the  wood  of  Lagrange,  at  Terres. 

In  the  opinion  of  the  persons  present  the  squall  was  most  violent,  and  was 
accompanied  by  a  fall  of  snow  sufficient  to  completely  cover  the  ground.  On  the 
balloon,  during  the  descent,  there  was  a  crust  of  frozen  snow  7  or  8  centi- 
metres [2  or  3  inches]  thick.  This  was  partly  detached  when  the  balloon  came 
to  rest.    * 

The  minimum  temperature  was  observed  at  1400  m.  [4600  ft].  It  was 
from -3*  C.  [26'*-6  F.],  while  it  was  only  -2*  C.  [28°*4  F.]  at  1900  m. 
[6230  ft].  Several  minutes  after  the  descent,  we  observed  on  the  ground : 
thermometer  +6**  C.  [42'*-8  F.],  barometer  753  5  mm.  [29*67  ins.]  (deducting 
the  altitude  of  the  place).  We  noted  also  that  the  electrical  discharges  on  our 
anchor  only  ceased  a  very  short  time  before  we  came  out  of  the  clouds.  A 
heavy  fall  of  snow  lasted  30  to  35  minutes  after  our  landing. 

Might  we  therefore  suppose  that  during  the  vertical  ascent  from  600  m.  to 
1900  m.  [6230  ft]  without  throwing  out  any  ballast,  without  sunshine,  and  in 
the  full  force  of  the  hail,  the  balloon  was  charged  with  electricity,  and  that  a 
tremendous  expansion  of  gas  took  place  1 " 

Climatic  Change  in  Egypt. 

The  climate  of  Egypt,  though  perhaps  it  could  not  be  described  as  interest- 
ing in  the  sense  that  the  climate  of  England,  characterised  by  almost  every 
conceivable  variety  and  rapid  change  of  weather,  is  interesting,  should  perhaps, 
in  virtue  of  the  simpler  and  more  constant  state  of  the  weather  and  seasons, 
afford  more  certain  or  more  easily  ascertained  indications  of  the  existence  of 
any  definite  climatic  change  operating  through  a  long  series  of  years.     The 
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subject  has  been  dealt  with  bj  Mr.  B.  F.  £.  Keeling  in  the  Cairo  Scientific 
Journal  for  January  1909.  There  is  a  wide -spread  belief  that,  through 
increased  irrigation,  Egypt  is  becoming  colder  and  damper,  and  Mr.  Keeling 
has  endeavoured  to  show  that  meteorological  records  do  not  support  the  popular 
contention.  The  temperature  records  of  the  Abbassia  Observatory,  where 
observations  have  been  made  since  1869,  show  no  certain  indication  of  any 
decrease  of  mean  annual  temperature,  which  ranges  about  21*"  C.  (6 9° '8  F.). 
The  relative  humidity  values  likewise  indicate  no  decided  change  of  climate 
during  the  last  forty  years.  The  driest  year  was  1892,  with  7  mm.  of  rain 
(0-3  in,),  and  the  wettest  1904,  with  73  mm.  (2-9  ins.).  At  Cairo  the  mean 
annual  rainfall  is  30  mm.  (1  -2  in.),  which  falls  for  the  most  part  in  occasional 
showers  and  drizzles.  Heavy  rain-storms  sometimes  occur  in  Cairo,  but  in 
Upper  Egypt  rain  is  very  rare.  Egypt  does  not  appear  to  be  quite  out  of  the 
region  of  frost  and  snow,  but  these  winter  phenomena  are  rare.  Thus  at 
Abbassia  since  1880  there  have  been  only  three  frosts,  the  severest  being 
-  2'  C.  (28'-4  F.)  in  1880,  and  -  4"  C.  (24'-8  F.)  in  1906.  Historical  records 
show  that  frost  was  not  more  frequent  in  the  past,  and  was  always  sufficiently 
rare  to  be  worthy  of  remark.  During  the  winters  of  829  and  1010  a.d.  ice 
was  reported  on  the  Nile.  There  appears,  however,  in  spite  of  the  absence  of 
evidence  of  any  progressive  change  of  climate,  to  be  a  well-marked  periodicity 
of  mean  annual  temperature,  shown  by  the  Abbassia  records,  coinciding  with 
the  eleven-year  sunspot  period — excess  of  temperature  occurring  with  excess  of 
sunspots.  In  the  hot,  dry  Egyptian  climate  sunspot  influence  would  probably 
be  less  easily  masked  by  other  more  powerful  atmospheric  influence  than  in 
cold,  cloudy  northern  countries.  The  climate  of  Egypt  is,  in  fact,  more  favour- 
able to  the  study  of  astronomy  than  of  meteorology. — Geographical  Journal, 
August  1909. 

Ball  Lightning. 

Mr.  Alfred  Hands,  in  a  letter  to  the  English  Mechanic,  August  13,  in 
reply  to  some  correspondence  on  "  Fireballs,"  said  : — It  is  an  undoubted  fact 
that  effects  have  been  observed  during  thunderstorms  giving  the  idea  of  luminous 
spheres  of  various  sizes ;  but  in  the  reports  of  most  of  these  there  has  been 
nothing  to  lead  one  to  suppose  them  other  than  the  glow  of  brushing  effects, 
generally  called  St.  Elmo's  Fire,  that  would  naturally  appear  on  pointed  objects 
or  sharp  edges.  These  are  generally  stationary,  but  may  move  along  a  sharp 
edge,  such  as  a  metal  ridge,  or  even  a  stretched  wire.  They  indicate  that  a  very 
severe  electrical  stress  is  in  progress — that,  in  fact,  a  lightning-flash  is  on  the 
verge  of  occurring  to  that  spot  As  the  cloud  moves  overhead  the  stress  may 
be  shifted  so  that  the  brush  appears  successively  on  a  number  of  pointed  objects, 
such  as  a  row  of  trees,  and  then  the  '*ball"  is  supposed  to  have  travelled 
through  the  air  from  one  to  the  other,  or,  if  the  stress  increases  sufficiently,  the 
flash  may  occur,  and  then  the  observer,  who  has  been  watching  the  '*  ball,''  and 
not  the  air  space  above  it,  presumes  it  has  burst 

The  evidence  in  favour  of  there  being  a  distinct  type  of  lightning  that  may 
be  called  "globular"  or  '^ball,"  because  it  takes  the  form  of  a  luminous  sphere 
travelling  more  or  less  slowly  through  the  air,  is,  in  my  opinion,  very  slender. 
Such  phenomena  would  not  only  be  inconceivable  from  the  point  of  view  of 
modem  knowledge,  but  even,  I  think,  in  opposition  thereto.  The  difference 
between  brushing  effects  and  what  could  rightly  be  called  "  ball  lightning  "  lies 
entirely  in  the  matter  of  the  "  ball "  travelling  through  the  air,  quite  apart  from 
any  connection  with  terrestrial  objects,  and  it  is  just  on  this  point  that  I  have 
found  observers  to  fail  when  closely  questioned.  Out  of  many  cases  I  have 
investigated  I  select  the  following : — 

1.  Bradford. — On  a  squally  and  thundery  day,  but  not  during  a  thunder- 
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storm,  a  ball  of  fire,  said  to  be  two  or  tbree  feet  in  diameter,  was  reported  to 
have  travelled  across  a  golf-course  and  through  a  cemetery. 

8.  Rugby. — A  gentleman,  while  going  up  the  stairs  in  hie  house,  saw, 
through  a  window  he  was  passing,  a  ball  of  fire  on  the  top  of  a  tree  in  his 
garden.  He  hurried  upstairs  to  another  window  to  get  a  better  view,  and  said 
that)  while  still  on  the  stairs,  and  before  he  reached  the  window,  he  saw  it  pa» 
through  the  air  to  another  tree,  and  just  as  he  got  to  the  window  it  burst, 
wrecking  the  tree. 

3.  HcLslemere, — A  church  was  struck  by  a  ball  of  fire  that  was  seen,  by  people 
seated  at  tea  in  a  room,  to  be  travelling  through  the  air. 

4.  Hampstead. — A  house  was  struck  by  lightning,  and  I  was  told  by  the 
owner  that  at  the  same  moment  his  two  daughters,  who  were  looking  out  of 
different  windows  at  the  back  of  the  house,  saw  a  ball  of  fire  fall  on  the  lawn, 
some  distance  from  the  chimney  that  was  struck. 

&.  Leamington. — A  house  was  struck,  and  a  passing  cyclist  saw  a  ball  of 
fire  in  the  road  in  front  of  the  house. 

The  results  of  my  investigations  were  as  follows  : — 

1.  When  questioned,  witnesses  said  the  "ball"  looked  white  or  silvery; 
one  described  it  as  a  tapering  pillar,  not  unlike  frothy  water.  Inspection  of 
the  cemetery  showed  that,  along  the  track  it  had  followed,  glass  covers  and 
earthenware  jars  on  the  graves  had  been  thrown  over,  and  splashes  of  earth  had 
been  washed  up  on  to  the  headstones.  The  course  was  a  rather  tortuous  one, 
and  railings  and  other  metal  objects  had  in  some  cases  been  passed  over,  and  in 
others  avoided.  I  came  to  the  conclusion  that  this  was  somewhat  of  the  nature 
of  a  small  waterspout 

2.  On  going  up  the  staircase  with  the  owner  I  found  that,  on  reaching  the 
top  stair,  I  had  to  walk  some  distance  along  a  passage  te  the  window  before 
either  of  the  trees  were  visible.  He  could  not,  therefore,  have  seen  the  ''baU" 
pass  through  the  air  while  he  was  on  the  stairs,  and  probably,  having  seen  it  on 
one  tree  from  the  first  window,  and  then  on  another  one  from  the  second,  he 
presumed  it  must  have  travelled  across.  The  upper  part  of  the  tree  was  shat- 
tered, and  down  the  trunk  a  groove  had  been  cut  in  the  bark  in  precisely  the 
way  that  elm- trees  are  often  damaged  when  struck  by  lightning. 

3.  The  course  said  to  have  been  followed  by  the  "  ball "  coincided  with  the 
tops  of  a  row  of  fir-trees,  and  I  think  the  appearance  of  the  brush  successively 
on  different  trees  conveyed  the  impression  of  its  travelling.  The  damage  to  the 
church  differed  in  no  respect  from  ordinary  lightning  effects. 

4.  I  pointed  out  three  metal  gullies  in  the  path  at  the  edge  of  the  lawn 
where  glow  effects  would  be  liable  to  occur.  The  owner  questioned  his  daugh- 
ters again,  and  one  indicated  the  spot  as  being  on  the  lawn,  close  to  the  first 
gully,  and  the  other  a  similar  spot  near  the  third  one.  Each  lady  could  see  one 
gully  only,  the  second  being  invisible  to  both,  and  neither  saw  the  "ball"  fall 
through  the  air. 

5.  The  position  where  the  **ba11"  was  seen  was  over  a  metal  gully  at  the 
side  of  the  road,  and  it  was  stationary  and  momentary. 

Flainmarion,  in  his  Thunder  and  Lightning,  records  some  remarkable  cases 
of  so-called  globular  lightning,  and  other  writers  have  given  inexplicable 
examples ;  but  I  think  all  these,  if  intelligently  investigated  on  the  spot, 
would  have  proved  to  be  as  simple  as  the  few  I  have  quoted. 

On  an  old  gilded  picture-frame  I  can  easily  produce  what  appear  to  be  very 
small  balls  of  light  rolling  about,  but  I  think  these  are  due  to  minute  sparks 
occurring  successively  across  cracks  in  the  gilding,  and  that'  the  spherical  forms 
and  rolling  effects  are  optical  illusions. 
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Distribntion  of  Precipitation  in  the  Western  Sudan. 

An  article  by  M.  Lucien  Marc  in  the  Annales  de  Geographie  (97)  deals  with 
this  question,  and  brings  out  some  interesting  points.  The  area  dealt  with  is 
that  included  between  the  coast  of  Guinea  and  the  loop  of  the  Niger.  In  this 
area  meteorological  figures  are  unfortunately  available  only  for  a  limited  period, 
so  that  the  conclusions  drawn  are  necessarily  somewhat  provisional  in  character. 
The  paper  gives  maps  and  diagrams  showing  the  distribution  of  rain  during  the 
different  months,  but  the  following  are  the  chief  points  of  general  interest  In 
the  first  place,  it  is  to  be  noted  that  in  Africa,  as  contrasted  with  the  other 
continents,  the  distribution  of  rainfall  throughout  the  year  is  determined  solely 
by  the  (apparent)  movements  of  the  sun.  The  influence  of  the  monsoons 
extends  to  some  extent  inwards,  it  is  true,  from  the  eastern  seaboard,  but  in  all 
the  western  and  central  region  it  would  seem  to  be  only  the  periodical  displace- 
ment of  the  zone  of  tropical  cahns  which  influences  precipitation.  In  Africa 
this  zone  extends  over  some  1 2  to  1 6  degrees  of  latitude.  In  the  centre  of  the 
zone  is  a  region  of  virtually  daily  rainfall ;  in  passing  from  this  centre  the 
precipitation  diminishes  in  amount,  until  outside  the  limits  of  the  zone  there 
is  total  drought.  The  displacement  in  latitude  of  the  zone  of  calms  varies  in 
different  regions,  but  in  general  terms  it  may  be  said  that  the  oscillations  reach 
their  minimum  in  Central  Africa,  and  their  maximum  in  Western  Africa.  It 
is  apparently  to  the  north  of  Timbuktu  that  ia  found  the  most  elevated  latitude 
in  which  tropical  rains  occur. 

As  a  result  of  the  movements  of  the  zone  it  is  found  that  in  all  the  region 
under  discussion  there  is  a  dry  season  from  November  to  January,  a  small 
amount  of  rain  occurring  in  February  in  the  southern  part  of  the  region.  From 
February  onwards  the  rains  progressively  increase.  As  regards  the  maximum 
two  conditions  occur.  About  Qambaga  (lat.  approx.  10°  N.)  there  is  a  maximum 
about  the  end  of  May  or  beginning  of  June,  a  minimum  in  July,  and  a  new 
maximum  towards  the  end  of  August  At  Wagadugu  (lat  about  12''  N.)  there 
is  one  maximum  in  August  The  limit  between  the  two  regions  occurs  in 
about  11*  N.  These  facts  have  considerable  economic  importance.  In  the 
region  where  two  rainy  seasons  occur  the  natives  reap  two  harvests  from  the 
same  field  each  year.  At  the  end  of  March  a  millet  of  rapid  growth  is  sown, 
which  is  reaped  at  the  beginning  of  July.  As  soon  as  the  harvest  is  reaped 
sorghum  is  sown,  which  is  reaped  at  the  beginning  of  November.  Where  there 
is  only  one  rainy  season  two  crops  cannot  be  obtained. 

The  rainfall  of  course  diminishes  towards  the  north,  but  the  limit  to  which 
tropical  rains  extend  is  not  easy  to  fix.  It  is  certainly  north  of  Timbuktu,  and 
perhaps  reaches  the  tropic.  The  Niger  territories  receive  proportionately  much 
more  rain  than  the  Nile  valley.  Thus  Timbuktu,  in  16°  43'  N.  lat,  receives 
more  than  twice  as  much  rain  as  Khartum,  in  15°  36'  (236  mm.  or  9*3  ins. 
against  107  mm.  or  4*2  ins.). — Scottish  Geographical  Magazine^  August  1909. 

The  Climate  of  the  Orinoco  and  Bio  Negro. 

In  a  paper  on  the  region  of  the  Orinoco  and  Rio  Negro,  printed  in  the 
Zeitschrift  der  Gesellschaft  fiir  Erdkunde  zu  Berlin^  1909,  No.  2,  Herr  A.  Jahn 
gives,  inter  aZm,  the  results  of  observations  carried  out  by  himself  as  regards  the 
climatology  of  the  region.  The  mean  temperature  for  the  year  1887  at  Ciudad 
Bolivar,  on  the  Orinoco  River  in  the  lower  part  of  its  course,  was  83° '1  F. 
There  is  a  decided  decrease  of  temperature  towards  the  Atabapo  and  Rio  Negro 
Rivers  on  the  borders  of  Venezuela  and  Brazil,  partly  referable  to  abundance  of 
wood  and  moisture  and  excessive  cloudiness.  The  humidity  of  the  air  is 
especially  great  in  the  neighbourhood  of  the  Yavita  water-parting  between  the 
Atabapo  and  Rio  Negro  Rivers,  where  at  Pimichin  the  sky  is  nearly  always 
clouded,  and  where  it  rains  even  during  the  Venezuelan  **  verano,"  ue.  during 
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the  dry  aeason  between  January  and  April.  Here  it  rains  almost  the  whole 
year  round  (December  and  January  excepted),  and  even  in  the  dry  season  one 
seldom  sees  blue  sky  for  more  than  two  or  three  days  in  succession.  Over  the 
upper  Rio  Negro,  above  Marabitanoe,  the  regular  tropical  dry  sesson  disappears, 
and  there  is  a  perpetual  alternation  of  sunshine  and  shower  even  during 
the  height  of  the  Amazon  summer,  from  June  to  September.  Over  the 
Orinoco  the  case  is  dififerent  The  course  of  this  river  runs  through  a  steppe 
region  with  wooded  margins,  a  character  which  sufficiently  explains  the  smaller 
precipitation  and  lower  humidity  as  indicated  by  peychrometer  observations 
made  in  1887.  The  lower  course  of  the  river  belongs,  from  a  general  as  well 
as  from  a  geological  point  of  view,  to  the  Llanos  region,  and  in  common  with  it 
has  its  rainy  season  extending  from  May  to  December.  During  March  and 
April,  when  the  dry  season  of  the  Llanos  has  reached  its  height,  the  greatest 
precipitation  occurs  over  the  lower  Amazon  south  of  the  equator.  Then  the 
Llanos  exert  an  aspirating  effect,  drawing  the  saturated  and  cooler  air  of  the 
Amazon  towards  the  north,  whereby  the  moisture  is  precipitated  on  the  elevated 
watershed  which  forms  the  boundary  between  Venezuela  and  Brazil. — 
Geographical  Journal^  August  1909. 
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British  Rainfall y  1908.  On  the  Distribution  of  Rain  in  Space  and  Time  over 
the  British  Isles  during  the  year  1908,  as  recorded  by  more  than  4600 
Observers  in  Great  Britain  and  Ireland^  and  discussed  with  Articles  upon 
various  brancJus  of  Rainfall  JFork.  By  Hugh  Robert  Mill. 
London,  1909.     8vo.     100  +  304  pp. 

This  is  the  forty-eighth  annual  volume,  and  is  larger  by  24  pages  than  any 
previous  issue  of  British  Rairrfall.  We  fully  endorse  Dr.  Mill's  statement  *'  that 
no  part  of  this  volume  is  a  repetition  of  last  year's  or  any  other  year's  issue. 
Every  page  is  written  for  this  issue  alone,  and  every  illustration  specially  pie- 
pared  for  it."  The  illustrations  are  not  only  numerous,  but  they  are  very 
clearly  prepared  and  printed,  and  add  greatly  to  the  attractiveness  of  the  book. 
There  are  four  special  articles,  viz. : — (1)  "New  Recording  Rain  Gauges,"  by 
Dr.  H.  R  Mill,  in  which  are  described  the  Halliwell  patent  Recording  Rain 
Gauge,  and  Messrs.  Negretti  and  Zambra's  latest  new  instrument  **  The  Hyeto- 
graph."  (2)  *'  Ratio  of  Monthly  Rainfall  between  Denton  House,  Brampton,  and 
Seathwaite,"  by  T.  Q.  Charlton.  (3)  "Rainfall  Observations  in  Snowdonia," 
by  A.  Lockwood.  Thirteen  rain  gauges  have  been  fixed  in  what  is  naturally  the 
wettest  portion  of  Snowdonia.  One  of  these  gauges  during  1908  collected  as 
much  as  237 '32  ins.  of  rainfall  It  is  probable  that  this  will  now  have  to  be 
considered  as  "the  wettest  spot"  in  the  British  Isles.  (4)  *' Twenty  years' 
Rainfall  at  Carrablagh,  Co.  Donegal." 

Meteorological  Office,  The  Observer's  Handbook.  Approved  for  the  use  of 
Meteorological  Observers  by  the  Meteorological  Office,  the  Royal  Meteoro- 
logical Society,  the  Scottish  Meteorological  Society,  the  British  Rainfall 
Organization,  Annual  Edition,  1909.  Published  by  the  Authority 
of  the  Meteorological  Committee.  M.O.  191.  London,  1909.  8vo. 
154  pp.     Price  38. 

This  Handbook,  which  is  in  continuation  of  Dr.  Scott's  Insitruetiont  in  the  Use 
of  Meteorological  Instruments  (published  in  1877),  has  been  prepared  by  Mr. 
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R.  G.  E.  Lempfert,  the  Superintendezit  of  the  Statistical  Branch  of  the  Meteoro- 
logical Office.  It  has  been  written  primarily  for  the  use  of  the  observers  of  the 
Meteorological  Office,  and  follows  the  decisions  of  the  International  Conferences, 
wherever  they  bear  upon  the  meteorological  practice  in  this  country.  Arrange- 
ments have  been  made  for  the  issue  each  year  of  a  small  edition  to  be  printed 
from  standing  type,  with  such  alterations  as  are  found  necessary  to  keep  pace 
with  the  advancement  of  the  science. 

In  revising  the  edition  for  1909,  the  Director  of  the  Meteorological  Office 
has  taken  the  opportunity  to  obtain  the  approval  of  the  volume  by  the  Royal 
Meteorological  Society,  the  Scottish  Meteorological  Society,  and  the  British 
Rainfall  Organization,  for  the  use  of  observers  connected  with  those  institutions. 
He  says  that ''  since  Meteorological  Science  is  entirely  of  a  co-operative  character, 
and  observations  are  only  useful  in  so  far  as  they  are  comparable  with  those 
made  in  other  places  or  at  other  times,  it  is  clear  that  instructions  in  the  use  of 
instruments  are  only  satisfactory  in  so  far  as  they  represent  the  general 
consensus  of  opinion  as  distinguished  from  the  opinion  of  a  single  institution  or 
individual.  It  is  therefore  an  essential  condition  of  progress  that  the  arrange- 
ments for  making  and  recording  observations  should  be  the  subject  of  common 
agreement  between  the  institutions  responsible  for  the  control  of  the  various 
parts  of  the  network  of  stations  in  this  country." 

The  Hapdbook  is  divided  into  three  sections.  Part  I.  deals  with  the  instru- 
ments and  observations  at  ordinary  meteorological  stations ;  and  Part  II.  with 
self-recording  instruments  ;  while  Part  III.  is  devoted  to  additional  instruments 
and  observations. 
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